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This d is s e r ta tio n  d e s c r ib e s  s tu d ie s  on  th re e  T rypanosom a c ru z i 
iso la te s  from  L ou isiana  mammals w ith  p a r t ic u la r  re fe re n c e  to  
in fe c tiv ity  to  dogs.
Iso la te s  from  an  opossum  (Tc-O) a n d  arm adillo  (Tc-A) w ere  o b ta in ed  
d u r in g  a  blood c u ltu re  s u rv e y  of th e se  anim al p o p u la tio n s  in  
Louisiana. P rev a len ce  of T. c ru z i  w ere  37.5% a n d  1% in  opossum s an d  
arm adillos re sp e c tiv e ly . F u r th e r ,  48% opossum s had  m y o card itis  
s u g g e s tiv e  of T. c ru z i in fec tio n .
R ural dogs w ith  know n c o n ta c t w ith  T. c ru z i h o s ts , h o u sed  r u r a l  
do g s, u rb a n  anim al s h e lte r  d o g s an d  h o u seh o ld  p e ts  show ed 4.7, 0, 2.3 
an d  0% sero lo g ica l p re v a le n c e  to  T. c ru z i re sp e c tiv e ly .
T c-0  an d  Tc-A (wild iso la te s ) d isp la y ed  sim ilar in  v i tro  
c h a ra c te r is t ic s ,  g ro w th  r a te  in  liq u id  m edia, p ro te in  p ro f ile s  on 
SDS-PAGE a n d  zymodeme ty p e s . An iso la te  from  a  dog (Tc-D) d isp lay ed  
m arked ly  d if fe re n t  p a ra m e te rs .
S lig h t d iffe re n c e s  in  in fe c tiv ity  to  6 in b re d  m ouse s t r a in s  w ere 
n o ted  be tw een  wild iso la te s , b u t  m arked  d if fe re n c e s  o c c u r re d  betw een  
wild iso la te s  an d  Tc-D. Wild iso la te s , b u t  n o t Tc-D, p ro d u c e d  h ig h  
p a ra s item ia s , w e ig h t ch an g e s , a n d  m uscle p a th o lo g y  in  CF1 mice.
Wild iso la te  in fe c te d  d o g s d ev e lo p ed  h ig h  p a ra s ite m ia s  an d  a c u te  
m y o card itis  2 to  3 w eeks p o s t in fec tio n . S u rv iv o rs  of a cu te  d isea se  
developed  c h ro n ic  d ila ted  ca rd io m y o p ath y  w ith in  9 m onths of
in fec tio n . Tc-D in fe c ted  d ogs show ed no c lin ica l s ig n s  an d  low 
parasitem ias .
Wild iso la te  b u t n o t Tc-D, in fe c te d  dogs developed  
e le c tro c a rd io g ra p h ic  ab n o rm a litie s  a sso c ia te d  w ith  co n d u ctio n
i v
d is tu rb a n c e s  d u r in g  a c u te  d isea se , a n d  v e n tr ic u la r  b a se d  a rrh y th m ia s  
an d  c a rd iac  fu n c tio n  lo ss  a s  m easu red  b y  e c h o c a rd io g ra p h y .
Tc-D a n d  T c -0  in fe c te d  d o g s had  sim ilar a n tib o d y  an d  lym phocy te  
b la s to g en ic  re s p o n se s  to  T. c ru z i ep im astig o te  a n tig e n s . W estern  b lo t 
a n a ly s is  show ed sim ila ritie s  a n d  d if fe re n c e s  b e tw een  in fe c te d  dog 
serum  a n d  T. c ru z i ep im astig o te  a n tig e n s  from  b o th  iso la te s .
Wild iso la te  in fe c ted  d o g s  h ad  s e v e re  g ran u lo m ato u s  m y o card itis , 
mild e n c e p h a litis  a n d  m yositis  d u r in g  a c u te  d ise a se , and  
b iv e n tr ic u la r  d ila tio n , f ib ro s is  a n d  mild m y o card itis  d u r in g  c h ro n ic  
d isea se . Minimal p a th o lo g y  w as seen  in  Tc-D in fe c te d  dogs.
R esu lts  in d ic a te  th e  w ild T. c ru z i iso la te s  a re  sim ilar, a re  
v iru le n t  to  dogs, and  may c o n s ti tu te  a  model fo r  hum an C h ag as’ 
d isea se . Tc-D is  d if f e re n t  from  th e  w ild iso la te s , a n d  in fe c tiv e  b u t  
n o n -v iru le n t  to  dogs.
v
INTRODUCTION
Chagas* d isea se  is  c a u se d  b y  a  zoonotic  p ro to z o a n  in fec tio n  
T rypanosom a (S ch izo trv p an u m ) c ru z i  w hich  is  im p o rta n t p rim arily  in  
S o u th  an d  C en tra l A m erica.1 M ost in fe c tio n s  o c c u r  w hen  th e  in fe c ted  
v e c to r s  d e fe c a te s  w hile fe e d in g  on  a  v e r te b r a te  h o s t. In fec tiv e  
m etacyclic  try p o m a s tig o te  s ta g e s  th e n  p e n e tr a te  m ucus m em branes o r  
th e  b ite  w ound c re a te d  b y  th e  v e c to r . The try p o m a s tig o te s  e n te r  th e  
cy top lasm  of ce lls  (u su a lly  m acro p h ag es) a t  th e  in fe c tio n  s ite  and  
tra n s fo rm  in to  th e  s p h e r ic a l am astig o te  s ta g e  p r io r  to  d iv ision . 
T ran sfo rm atio n  back  to  th e  try p o m a s tig o te  s ta g e  o c c u rs  p r io r  to
r u p tu r e  of th e  cell an d  re le a se  o f p a ra s i te s  in to  th e  c ircu la tio n . 
C ircu la tin g  try p o m a s tig o te s  th e n  in v a d e  a n d  d iv id e  in  o th e r  cell 
ty p e s  su ch  a s  n e rv o u s , m uscle a n d  re tic u lo e n d o th e lia l t is s u e s . The 
v e c to r  becom es in fe c te d  b y  ta k in g  a  blood meal from  an  in fe c te d  
v e r te b r a te  ho st.
In  endem ic a re a s , 24 m illion peop le  a re  e s tim ated  to  be in fe c te d  
w ith  T. c ru z i .2 Chagas* d isea se  o c c u rs  in  3 c lin ical fo rm s -  a c u te , 
in d e te rm in a te , a n d  c h ro n ic .3 The m ajor c o n se q u e n ce  of C h ag as’ d isea se  
is  th e  h ig h  m o rb id ity  a s so c ia te d  w ith  th e  c a rd ia c  an d  
g a s tro in te s t in a l  m an ife s ta tio n s  o f ch ro n ic  d isea se . T h is  o fte n
r e s u l t s  in  e a r ly  re tire m e n t of m any peop le  be tw een  25 a n d  44 y e a r s  of 
age. I t  is  e stim ated  th a t  73,000 peop le  d ie  e v e ry  y e a r  d ire c tly  a s  a  
r e s u l t  of ch ro n ic  C h ag as’ d is e a se .4
In  th e  U nited  S ta te s , th r e e  in d ig e n o u s  hum an c a s e s  of Chagas* 
d isea se  have  b een  re p o r te d  5_7. Two c a se s  w ere  re p o r te d  in  b a b ie s  
from  Texas in  th e  1950’s a n d  th e  th i r d  in  a  C alifo rn ian  woman in
1982. All c a se s  w ere  acu te .
1
P rev a le n ce  in  N orth  A m erican v e c to rs , w4*ld life, an d  dogs
The in fe c tio n  r a te  fo r  v e c to r s  (tria to m in e  b u g s) in  N orth  Am erica 
is  r e p o r te d  to  be  ap p ro x im ate ly  20% w hich  is  sim ilar to  r a te s  (20- 
30%) fo r  endem ic a re a s  of S o u th  A m erica.8 T rypanosom a c ru z i h a s  been  
iso la ted  from  v e c to r s  a n d  w ild mammalian h o s ts  m ainly from  th e  
s o u th e rn  s ta te s  (Texas, L ouisiana, F lo rid a , G eorgia, Alabama, 
Oklahoma, A rizona, New Mexico), b u t  a lso  a s  f a r  w est a s  C alifo rn ia  
a n d  as  f a r  n o r th  as  M ary land .8-22 Raccoons an d  opossum s a re  th e  
p r in c ip le  sy lv a tic  r e s e rv o i r  h o s ts  fo r  T. c ru z i in  th e  s o u th e rn  an d  
s o u th e a s te rn  U nited  S ta te s .11*14*16*17 Raccoons have  b e en  th e  on ly  
mammals fo u n d  to  be n a tu ra lly  in fe c te d  in  M aryland a n d  O klahom a.18*21 
V arious m ouse, r a t ,  an d  s q u ir r e l  sp ec ie s  a re  th e  main sy lv a tic  h o s ts  
in  New Mexico, C alifo rn ia , a n d  a long  w ith  arm adillos a n d  op o ssu m s, in  
Texas. 5,13>22*23
In  L ou isiana , T. c ru z i h a s  b een  iso la ted  from  op o ssu m s, an d  
arm ad illos. In  a  r e c e n t  r e p o r t ,  23 of 80 (28.8%) arm ad illos  from  n e a r  
New O rleans w ere  in fe c te d .14 A rm adillos h av e  b een  s u g g e s te d  to  be a 
p o te n tia l sy lv a tic  r e s e rv o i r  fo r  v e c to r s .14 T riatom a s a n g u is u g a  is  
th e  main v e c to r  fo r  T. c ru z i in  L ou isiana  a n d  h a s  b een  fo u n d  in  
arm adillo  b u rro w s .8*14 A lthough  r a te s  o f in fe c tio n  in  opossu m s in  
L ou isiana  a re  u n re p o r te d  th e y  a re  h ig h  in  opossum s in  o th e r  s o u th e rn  
s ta te s .  In  T exas 5 of 8 (63%) opossum s w ere  fo u n d  to  be  in fe c te d .11 
The re p o r te d  in c id en ce  in  Alabama w as 13.8%,17 a n d  in  G eorg ia  an d  
F lo rid a  i t  w as 16%.16 B ecause opossum s a re  common in h a b ita n ts  of 
u rb a n  e n v iro n m e n ts  i t  h a s  b een  s u g g e s te d  th e y  a re  a  p o te n tia l 
re s e rv o i r  fo r  dom estic do g s, v e c to rs  an d  m an.8
C hagas d isea se  in  d o g s is  s ig n if ic a n t d u e  to  th e  s e v e r i ty  of
3d isea se  in  th is  sp ec ie s , a n d  th e  p o te n tia l fo r  v e c to r  tra n sm iss io n  of 
T. c ru z i  from  d o g s to  man. N a tu ra lly  a c q u ire d  Chagas* d isea se  in  d ogs 
h a s  b een  re p o r te d  from  T exas,24*25 Oklahom a,26 S o u th  C aro lina ,27 an d  
L o u isiana .28-30 T h e re  is  w ide v a r ia tio n  in  p re v a le n c e  r a te s  in  dogs 
b a se d  on  se ro lo g ica l s u rv e y s . The h ig h e s t  p re v a le n c e  r a te s  o c cu r in  
d o g s from  anim al s h e l te r s  from  C alifo rn ia  (86%),5 a n d  Texas (8.8%).13 
S e ro -p re v a le n c e  in  dom estic  dogs from  G eorgia w as 1.9%,31 a n d  60% in 
C alifo rn ia .5
In  L ou isiana , 1.1% of dom estic  d o g s  from  New O rleans h ad  a n ti  T. 
c ru z i a n tib o d ie s .32 T h e re  a re  no r e p o r ts  o f in fe c tio n  ra te s  in  
p o p u la tio n s  of dogs w ith  h ig h  r is k  of ex p o su re  to  w ild life  an d  
v e c to rs .
M ethods of c h a ra c te r iz in g  T. c ru z i
T. c ru z i iso la te s  show  m arked  h e te ro g e n e ity  in  in fe c tiv ity  to  
v e r te b r a te s  a n d  in  m any biochem ical an d  in  v i tro  g ro w th  p a ra m e te r . In  
a tte m p ts  to  ra tio n a liz e  th e  in tr in s ic  id e n tif ic a tio n  of T. c ru z i 
iso la te s  an d  re la te  s t r u c tu r e  an d  fu n c tio n , m any d if f e r e n t  m ethods 
u s in g  in  v i tro  an d  in  v iv o  te c h n iq u e s  have  been  u sed .
The r a te  of in fe c tio n , m u ltip lica tion  w ith in , a n d  re le a se  from  
d if f e r e n t  cell ty p e s  in  v i tro  v a r ie s  m ark ed ly  be tw een  iso la te s ,33*34 
an d  c lo n es ,35 an d  h a s  b een  u se d  a s  a  m eans of c a te g o riz in g  iso la tes  
an d  c lones. S im ilarly , th e  r a te  of g ro w th  in  axen ic  m edia a lso  v a r ie s  
be tw een  iso la tes .
More re c e n tly , m olecular b io logical an d  biochem ical te c h n iq u e s  
have  b een  u sed  to  c h a ra c te r iz e  iso la tes . R es tr ic tio n  en d o n u c lease  
d ig e s tio n  of m inicirle  k in e to p la s t DNA (kDNA) h as  allowed
4id e n tif ic a tio n  of T. c ru z i p o p u la tio n  w ith  sim ilar DNA re s tr ic t io n  
p a t te r n s  (sch izodem es).1 Zymodeme ty p in g , a  m ethod of d e sc r ib in g  T. 
c ru z i iso la te s  in  te rm s  of th e i r  isoenzym e e le c tro p h o re tic  p ro file s , 
h a s  b een  u se d  e x te n s iv e ly  to  c a te g o riz e  S o u th  A m erican iso la te s .36 
D iffe ren ces  in  isoenzym e p o s itio n s  im ply g e n e tic  d if fe re n c e s  in  
iso la tes . T. c ru z i  iso la te s  from  S o u th  A m erica h a v e  b een  g ro u p e d  in  3 
main Zymodemes (Z l, Z2, Z3). Zymodeme 1 is  th e  m ain iso la te  from
opossum s w hile Z3 is  th e  main iso la te  fo u n d  in  a rm ad illos. Zymodeme 2 
h a s  n o t b een  a sso c ia te d  w ith  w ild r e s e rv o i r s  b u t  in fe c ts  man a n d  a 
n u m b er of dom estic  h o s t.37 All 3 zym odem es cau se  a cu te  d isea se  in  
m an.38
Few iso la te s  from  N orth  Am erican v e c to rs  o r  h o s ts  h av e  been  
s tu d ie d  to  th e  same e x te n t a s  S o u th  A m erican iso la te s . Two N orth 
Am erican iso la te s  have  b een  zymodeme ty p e d .5-15 The iso la te  from  a 
woman in fe c te d  in C alifo rn ia  w as zymodeme ty p e d  as  Z l,5 a s  was an  
iso la te  from  a re d u v iid a e  v e c to r  from  F lo rid a .15 T h e re  a re  no r e p o r ts  
of in  v i tro  s tu d ie s  c h a ra c te r iz in g  g ro w th  in  axenic  media, 
in fe c tiv ity  of cell c u l tu re s  o r  biochem ical a n a ly s is  of iso la te s  from  
N orth  A m erican wild h o s ts  o r  dogs.
F o r m any y e a r s , in  v iv o  s tu d ie s  w ere  th e  o n ly  m eans of 
a s s e s s in g  d iffe re n c e s  b e tw een  iso la te s  of T. c ru z i . a n d  a re  s till 
u se d  to  a s s e s s  iso la te s  re la tiv e  in fe c tiv ity . In fe c tiv ity , v iru le n c e  
a n d  t is s u e  tro p ism  in  la b o ra to ry  anim als (u su a lly  in b re d  mice) have  
b een  u se d  a s  a  m eans of com paring  T. c ru z i iso la te s ,31-39*40 an d  
c lones from  S o u th  A m erican s to c k .41-42 T hese  s tu d ie s  h av e  show n th a t  
d if f e re n t  T. c ru z i iso la te s  from  S o u th  Am erica v a ry  in  v iru le n c e  to  
d if fe re n t  in b re d  s t r a in s  of mice. G enera lly , m ost iso la te s  p ro d u c e
5h ig h  p a ra s ite m ia s  a n d  h ig h  m o rta lity  in  C3H mice w ith in  3 w eeks of 
in fec tio n . C57B1 in fe c te d  mice show  low p a ra s ite m ia s  an d  no 
m orta lity . S im ilar s tu d ie s  h av e  a lso  been  u se d  to  com pare iso la te s  
from  N orth  A m erican w ild h o s ts . The in fe c tiv ity  to  mice of iso la te s  
from  opossum s, a  sk u n k  a n d  a  racco o n  iso la ted  b y  M cKeever e t  al 
(1956), w ere  com pared  w ith  hum an iso la te s  from  Texas an d  
B razil.16*43*44. Diamond & R ubin  (1956) in o cu la ted  y o u n g  p ig s , g o a ts , 
lam bs an d  ca lv es  w ith  T. c ru z i iso la te s  from  a  N orth  A m erican 
racco o n .45 Some anim als becam e in fe c te d  b u t  th e  o rg an ism s w ere  n o n - 
v iru le n t. The in fe c tiv ity  of an  iso la te  from  a  racco o n  from  M aryland 
to  dogs w as com pared  w ith  iso la te s  from  T exas, Chile a n d  B razil a n d  
found  to  be n o n -v iru le n t .46 T hese  s tu d ie s  s u g g e s t  th a t  iso la te s  from  
N orth  A m erican mammals a re  le ss  v iru le n t  th a n  th o se  from  peop le  from  
Texas o r  S o u th  America.
Many o th e r  T. c ru z i iso la te s  from  N orth  A m erican v e c to rs  a n d  wild 
anim al h o s ts  h av e  b een  in o cu la ted  in to  la b o ra to ry  mice a s  a m eans of 
iso la tin g  a n d  id e n tify in g  th e  o rg an ism s a s  T. c ru z i . 13>14»17*18>29*47 
S tu d ie s  of ex p erim en ta l anim al in o cu la tio n s  u s in g  T. c ru z i iso la te s  
from  n a tu ra l  c a se s  of can in e  try p an o so m ias is  from  N orth  America have  
n o t b een  re p o r te d .
C hagas’ d isea se  in  Man an d  dogs
T h ree  c lin ica l form s of C h ag as’ d isea se  h ave  b een  d e sc r ib e d  am ong 
in d iv id u a ls  in  endem ic re g io n s .3>34*48*49
a) A cute p h a s e . O ccu rs 1 to  3 w eeks a f te r  in fec tio n . U sually  is 
asym ptom atic  a lth o u g h  a c u te  illn e ss  du e  to  m yocard ial dam age can 
o ccu r. C linical f in d in g s  in c lu d e  fe v e r , hep ato sp len o m eg aly ,
6ly m p h ad en o p a th y , ly m p h o cy to s is , c e n tr a l  n e rv o u s  system  s ig n s  
a sso c ia ted  w ith  e n c e p h a litis , e le c tro c a rd io g ra p h ic  (ECG) a lte ra tio n .
A chagom a, a  n o d u la r  le sio n  of th e  sk in  a t  th e  p o r ta l  of e n t r y  of th e  
p a ra s ite , is  u su a lly  p re s e n t .  T h is p h a se  is  a s so c ia te d  w ith  a  r is in g  
h ig h  p arasitem ia .
b) In d e te rm in a te  p h a se . No c lin ical s ig n s , low p a ra s ite m ia  an d  
p o s itiv e  se ro lo g y  c h a ra c te r iz e  th is  p h a se . T h is p e rio d  may la s t  
in d e fin ite ly , o r  p ro g r e s s  in to  ch ro n ic  C h ag as’ d isea se . S p o n tan eo u s  
c u re  w ith  e lim ination  of th e  p a ra s i te  h a s  n o t b een  re p o r te d .
c) C hronic p h a se . R ecognized  in  p a t ie n ts  in  th e  in d e te rm in a te  
p h a se  by  ECG ab n o rm a litie s  a sso c ia te d  w ith  c h ro n ic  ca rd io m y o p ath y . 
The h e a r t  becom es b ila te ra lly  e n la rg e d  re s u lt in g  in  r ig h t  a n d  le f t  
s id ed  h e a r t  fa ilu re . P a tie n ts  u su a lly  d ie  w ith in  5 y e a r s  of b e in g  
d iag n o sed  as  h a v in g  ch ro n ic  d isea se . O th e rs  dev e lo p  m eg aeso p h ag u s o r  
m egacolon in s te a d  of c a rd ia c  d isease .
Two s p e c tr a  of d isea se  have  b een  re p o r te d  in  d ogs n a tu ra lly  
in fe c te d  w ith  N orth  A m erican T. c ru z i iso la te s . The m ost commonly 
re p o r te d  form  is  a c u te  d isea se  a s so c ia te d  w ith  m y o card itis  a n d  r ig h t  
v e n tr ic u la r  fa ilu re , an d  is  u su a lly  fa ta l .24,26,28,50 ^ t  n e c ro p sy , 
mild r ig h t  v e n tr ic u la r  d ila tio n , a  s e v e re  d iffu se  g ran u lo m ato u s 
m y o card itis  a sso c ia te d  w ith  la rg e  n u m b ers  of p s e u d o c y s ts  a n d  lit t le  
f ib ro s is  a re  th e  main p a th o lo g ica l le s io n s  o f s e v e re  a c u te  
d ise a se .24>26*28»50 T hese  le s io n s  a re  sim ilar to  th o s e  seen  in  
man.49'51-52 C hronic d isea se  a sso c ia te d  w ith  d ila tiona l 
card io m y o p ath y  lead ing  to  b iv e n tr ic u la r  fa ilu re  h a s  been  re p o r te d  in  
2 dogs in  N orth  A m erica.30 C ard iac  c h a n g e s  seen  a t  n e c ro p sy  w ere 
sim ilar to  th o se  seen  in  ch ro n ic  C h ag as’ d isea se  in  hum an p a tie n ts .
7T hese  in c lu d e d  b ila te ra l e n la rg em e n t of c a rd ia c  v e n tr ic le s ,  focal 
lym phocy tic  a n d  h is tio c y tic  cell in f i l t ra t io n s  a n d  m ark ed  f ib ro s is . 
P a ra s ite s  a re  r a re ly  o b s e rv e d  w ith in  t i s s u e s .48'49 A pical a n e u ry sm s  
h av e  n o t b een  o b se rv e d  in  n a tu ra l ly  a n d  ex p erim en ta lly  ch ro n ica lly  
a ffe c te d  dogs.
M ost r e p o r ts  of ex p erim en ta l in fe c tio n s  in  d o g s  h av e  u se d  S ou th  
A m erican T. c ru z i iso la te s .53-58 Dogs u su a lly  d ev e lo p  a c u te  d isea se  
a sso c ia te d  w ith  m y o card itis , a n d  m ost d ie d u r in g  th is  s tag e . 
S u rv iv o rs  e n te r  an  in d e te rm in a te  p h a se  w hich  may la s t  fo r  y e a rs . This 
p h a se  h a s  sim ilar c lin ica l a n d  p a th o lo g ica l f e a tu r e s  a s  th e  
in d e te rm in a te  p h a se  in  m an.53-54-57*59 Few dogs h av e  b een  re p o r te d  to  
e n te r  a  c h ro n ic  p h a se  w h e re  v e n tr ic u la r  d ila tio n  a n d  v e n tr ic u la r  
b a sed  ECG ab n o rm a litie s  a re  common.53*54'57'58
E xperim en ta l in fe c tio n s  in  d o g s u s in g  N orth  A m erican T. c ru z i 
iso la te s  h av e  n o t p ro d u c e d  c lin ica l d isea se  a s  d e sc r ib e d  in  n a tu ra l  
c a se s  from  N orth  Am erica. L ittle  is  know n a b o u t th e  tem poral 
re la tio n sh ip  b e tw een  a c u te  an d  ch ro n ic  d isea se  in  d o g s  in fe c te d  w ith  
N orth  A m erican T. c ru z i iso la te s . Dogs h av e  b een  ex p erim en ta lly  
in fe c te d  w ith  a  N orth  A m erican iso la te  from  a racco o n .46 T h ese  dogs 
d eveloped  low p a ra s item ia s  a n d  p a ra s i te s  in  c a rd ia c  t is s u e . H ow ever, 
n e ith e r  c lin ica l s ig n s  n o r  s ig n if ic a n t p a th o lo g y  a sso c ia te d  w ith  
in fec tio n  w as o b s e rv e d .46
The dog a s  a  model fo r  C h ag as’ d isea se
T h ere  is  n o t an  ideal anim al model av a ilab le  fo r  C h ag as’ d isea se  
th a t  d e sc r ib e s  all p h a se s  o f th e  d isea se  see n  in  man. The m ouse model 
p ro v id e s  m any of th e  re q u ire m e n ts  fo r  a c u te  d is e a se .60 Mice, m onkeys,
8rab b its, and dogs have been u sed  to answ er many of the q u estion s  
concerning th e indeterm inate and, to  a  le sse r  exten t, th e chronic  
phase. 57-59,61-69
One of th e  main re a so n s  l i t t le  is  know n a b o u t th e  p a th o g e n e s is  of 
th e  c h ro n ic  p h a se  of C h ag as’ d isea se  is  b e ca u se  a  su ita b le  model fo r  
th is  s ta g e  is  y e t  to  be fo u n d . The dog o f fe rs  c o n s id e ra b le  a d v a n ta g e s  
o v e r  o th e r  m odels b e ca u se  of i ts  s u i ta b il i ty  fo r  la rg e  s e r ia l  sam ple 
s ize , ease  o f h a n d lin g , re la tiv e ly  ch ea p  c o s t  (p a r tic u la r ly  in  
com parison  to  m onkeys) a n d  th e  a v a ilab ility  of c o n s id e ra b le  m edical 
an d  su rg ic a l b ase lin e  in fo rm atio n . The dog h as  d e m o n s tra ted  sim ilar 
co n d u c tio n  d e fe c ts  an d  p a th o lo g ica l c h a n g e s  seen  in  man. H ow ever, 
p re v io u s  can in e  m odels h ave  fa iled  to  co n v in c in g ly  d e m o n stra te  
c e r ta in  c h a ra c te r is t ic s  o f ch ro n ic  d isease . T hese  in c lu d e  lo ss  of 
c a rd iac  fu n c tio n  a n d  v e n tr ic u la r  b a se d  a r rh y th m ia s .54,57,58,7°
In  c o n tra s t  to  o th e r  anim al m odels, li t t le  is  know n of th e  immune 
re sp o n se  of dogs to  T. c ru z i in fec tio n . A n ti-T. c ru z i a n tib o d ie s  have  
been  d e m o n stra ted  in  ex p erim en ta lly  a n d  n a tu ra lly  in fe c te d  d o g s , b u t  
s e r ia l s tu d ie s  on hum oral o r  c e llu la r  re s p o n se s  have  n o t b een  
r e p o r te d .24>29>71 T h ere  is  c o n s id e ra b le  ev id en ce  th a t  c e llu la r  a n d  
hum oral immune re s p o n se s  p lay  a n  im p o rta n t ro le  in  th e  dev elo p m en t of 
ch ro n ic  d isea se  (rev iew ed  b y  T iex iera , 1987).3 T h u s  if th e  dog is  to  
be  c o n s id e re d  a s  a  model fo r  C h ag as’ d isea se  m ore in fo rm ation  on  i ts  
im m unological re s p o n se  to  T. c ru z i in fe c tio n  is  re q u ire d .
D isse rta tio n  C h ap te rs
Few T. c ru z i iso la te s  from  N orth  A m erican mammals have  been  
exp erim en ta lly  s tu d ie d . The follow ing c h a p te r s  r e p o r t  on th e
9p re v a le n c e  of T. c ru z i in  p o p u la tio n s  of arm ad illo s , opossum s and  
d ogs in  L ouisiana. T h ree  T. c ru z i  iso la te s  (one each  from  an  opossum , 
an  arm adillo  an d  a  dog) a re  com pared  u s in g  in  v i tro  g ro w th  k in e tic s  
a n d  in fe c tiv ity  to  in b re d  s t r a in s  of mice. The clin ical, 
ca rd io lo g ica l, im m unologic an d  p a th o lo g ica l f in d in g s  in  dogs in fe c ted  
w ith  th e  3 iso la te s  a re  a lso  d e sc r ib e d .
C h ap te r  1 exam ines th e  p re v a le n c e  of T. c ru z i in fe c tio n  u s in g
blood c u ltu re  in  opossum s a n d  arm ad illos co llec ted  from  so u th
L ouisiana. H eart t is s u e  w as exam ined h is to lo g ica lly  to  a s s e s s  e x te n t 
a n d  c h a ra c te r is t ic s  of le s io n s  p re s e n t .  T. c ru z i iso la te s  o b ta in ed  
from  an  arm adillo  an d  opossum  d u r in g  th is  s tu d y  w ere  u sed  in
s u b s e q u e n t  s tu d ie s .
C h ap te r  2 a d d re s s e s  th e  p re v a le n c e  u s in g  se ro lo g y  a n d  blood 
c u ltu re  of T. c ru z i in  fo u r  dog p o p u la tio n s  in  so u th  L ouisiana. 
P rev a len ce  r a te s  in  a  p o p u la tio n  of r u r a l  dogs c o n s id e re d  to  have  a 
h ig h  ex p o su re  to  wild r e s e rv o i r  h o s ts  of T. c ru z i w ere  com pared  to  
d a ta  from  a  p o p u la tio n  of r u r a l  d ogs n o t exposed  to  w ild re s e rv o ir  
h o s ts , an d  tw o p o p u la tio n s  of u rb a n  liv in g  dogs.
C h ap te r  3 com pares an d  c o n tr a s ts  th e  in  v i tro  g ro w th  p a ra m e te rs  in 
axenic c u ltu re  m edia, in t r a  a n d  e x tra  c e llu la r  g ro w th  p a ra m e te rs  in 
cell c u l tu re ,  zymodeme ty p e s , a n d  p ro te in  com position u s in g
po ly acry lam id e  gel e le c tro p h o re s is  o f th e  th re e  T. c ru z i iso la tes .
C h ap te r  4 a d d re s s e s  th e  c o u rse  o f in fe c tio n  of th e  th re e  iso la te s  
in six in b re d  m ouse s tr a in s .  P a th o lo g y  a n d  w e ig h t c h a n g e s  in  CF1 mice 
in fe c ted  w ith  th e  iso la te s  a re  d e sc r ib e d .
C h ap te r  5 a d d re s s e s  th e  c o u rse  o f in fe c tio n  an d  c lin ical d isease  
in dogs in fe c ted  w ith  th e  th r e e  iso la te s . The c lin ical s ig n s ,
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clin ical p a th o lo g ica l p a ra m e te rs  a n d  p a ra s item ia s  a re  docum ented  in 
dogs o f d if f e r e n t  a g e s  d u r in g  th e  a cu te  an d  ch ro n ic  in fec tio n .
C h a p te r  6 a d d re s s e s  c a rd iac  fu n c tio n  a s  m easu red  by 
e le c tro c a rd io g ra p h y  a n d  e c h o c a rd io g ra p h y  in  d o g s w ith  a c u te  an d  
ch ro n ic  d isea se  from  in fec tio n  w ith  th e  3 T. c ru z i iso la te s .
C h ap te r  7 d e s c r ib e s  th e  s e r ia l  hum oral a n d  c e llu la r  immune 
re s p o n s e s  o v e r  a n  e ig h t  m onth p e rio d  in  d o g s in fe c te d  w ith  tw o of th e  
T. c ru z i iso la te s  (opossum  a n d  dog iso la te s ). U sing w e s te rn  b lo ttin g  
m ethodology , th e  a n tig e n s  th a t  a re  id e n tif ie d  b y  s e r a  from  dogs 
in fe c te d  w ith  th e  tw o iso la ted  a t  d if f e r e n t  p e r io d s  d u r in g  in fec tio n  
a re  d em o n stra ted .
C h ap te r  8 a d d re s s e s  p a th o lo g y  in  dogs w ith  a c u te  a n d  ch ro n ic  
d isease  from  in fe c tio n  w ith  th e  3 iso la te s , a n d  re la te s  f in d in g s  to  
c lin ical d isea se  o b se rv e d  in  th e  dogs. In  th e s e  fo u r  fin a l c h a p te r s ,  
th e  m an ife sta tio n s  of a c u te  an d  c h ro n ic  d isea se  sy n d ro m es  in  th e  dogs 
a re  com pared  n o t on ly  to  r e p o r ts  of n a tu ra l  a n d  ex p erim en ta l can in e  
try p a n o so m ia s is , b u t  a lso  to  hum an C h ag as’ d isease .
CHAPTER 1
THE LESIONS AND PREVALENCE OF TRYPANOSOMA CRUZI IN 
OPOSSUMS AND ARMADILLOS FROM SOUTH LOUISIANA
S te p h e n  C. B a rr , C orrie  B row n, Vida. A. D ennis, Thom as R. Klei
To be su b m itted  to  th e  A m erican Jo u rn a l T rop ica l M edicine a n d  H ygiene
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A b s tra c t . The p re v a le n c e  of T rypanosom a c ru z i  in fec tio n  in  48 
opossum s a n d  98 a rm ad illos from  so u th  L ou isiana  w as s tu d ie d . S ix teen  
opossum s (33.3%) an d  1 arm adillo  (1.1%) w ere  p o s itiv e  fo r  T. c ru z i b y  
blood c u ltu re . H earts  from  45 opossum s a n d  th e  t i s s u e s  from  th e  1 
blood c u ltu re  p o s itiv e  arm adillo  w ere  av a ilab le  fo r  h is to p a th o lo g ica l 
exam ination. A lthough  h is to p a th o lo g y  re v e a le d  T. c ru z i p s e u d o c y s ts  in  
6 opossum s, o n ly  2 w ere  n o t p o s itiv e  on blood c u ltu re . T h e re fo re , a  
to ta l of 18 opossum s (37.5%) w ere  p o s itiv e  fo r  T. c ru z i . T w enty  tw o 
of 45 opossum s had  h is to lo g ica l ev id en ce  of m y o card itis . No le sio n s  
ty p ic a l o f in fec tio n  w ith  T. c ru z i  w ere  o b s e rv e d  in  th e  a rm ad illos 
t is s u e s . T hese  r e s u l t s  s u g g e s t  th a t  th e  opossum  is  a  r e s e rv o i r  h o s t 
of T. c ru z i in fec tio n  in  so u th  L ou isiana , a n d  th a t  a rm ad illos a re  of 
re la tiv e ly  m inor im portance .
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C h ag as’ d isea se , c a u se d  by  th e  f la g e lla te  p ro to zo an  
T rypanosom a c ru z i . is  a  s e r io u s  hum an h e a lth  c o n ce rn  in  m any p a r t s  of 
C en tra l an d  S o u th  A m erica. A lthough  th e re  h av e  b een  on ly  3 r e p o r te d  
n a tu ra lly  o c c u r r in g  hum an c a se s  of C h ag as’ d isease  in  th e  U nited  
S ta te s , se ro lo g ica l s u rv e y s ,  p a r t ic u la r ly  of in h a b ita n ts  of th e  
s o u th w e s te rn  s ta te s ,  s u g g e s ts  a  m uch h ig h e r  p r e v a le n c e . \ l - 6 /  The 
in s e c t  v e c to r  (fam ily R eduv iidae) is  w idely  d is t r ib u te d  in  th e  U nited  
S ta te s  a n d  h a s  b een  re p o r te d  to  h a v e  an  in fec tio n  r a te  o f a b o u t 
20%.\ 7 /  A w ide ra n g e  o f mammals from  a s  f a r  n o r th  an d  e a s t  a s  
M aryland, a s  f a r  w est a s  C alifo rn ia , a n d  a s  f a r  so u th  a s  Texas, 
L ouisiana, an d  F lo rid a  h av e  b een  re p o r te d  to  h a rb o r  T. c ru z i . w ith  
opossum s, a rm ad illo s a n d  ra c co o n s  show ing th e  h ig h e s t  in fec tio n  
r a t e s . \ 8 - l l /  H ow ever, r e p o r te d  in fe c tio n  r a te s  v a ry  w idely  an d  have  
b een  b a se d  so lely  on blood c u ltu re  an d  sero lo g y . A lthough  th e re  a re  
r e p o r ts  of T .c ru z i iso la tio n s  in  L ou isiana  opossum s, p re v a len c e  ra te s  
o r  c a rd iac  le s io n s  a sso c ia te d  w ith  in fec tio n  h ave  n o t been  
r e p o r te d . \7 /  B ased on se ro lo g y  a n d  blood c u ltu re  a  p re v a len c e  ra te  of 
28.8% h as  b een  re c e n tly  r e p o r te d  in  a rm ad illos from  a  s ite  n e a r  New 
O rleans, L o u is ia n a . \ l l /
T h is s tu d y  w as u n d e r ta k e n  to  exam ine th e  p re v a le n c e  of T. c ru z i 
in fec tio n  u s in g  blood c u ltu re  in  opossum s (D idelphis v irg in ia n a ) an d  
n ine  b a n d ed  arm ad illos (D asy p u s nov em cin c tu s  te x a n u s ) co llec ted  from  
so u th  L ou isiana  a n d  to  iso la te  o rg an ism s fo r  f u r th e r  s tu d y . H eart 
t is s u e  w as exam ined h is to lo g ica lly  to  a s s e s s  th e  c h a ra c te r is t ic s  an d  
e x te n t of le s io n s  p re s e n t ,  an d  to  c o rre la te  c irc u la tin g  p a ra s item ia s  




F o r ty  e ig h t a d u l t  op o ssu m s w ere  live  t r a p p e d  in  th e  e n v iro n s  
of B aton Rouge, L ou isiana  (E as t B aton Rouge P a r ish ) , o v e r  a  2 y e a r  
p e rio d  b e tw een  May 1985 a n d  May 1987. O possum s w ere  e u th a n iz e d  w ith 
an  in tra p e r i to n e a l  in je c tio n  of 0.5 ml o f sodium  p e n to b a rb ita l  o r  a  
e u th a n a s ia  so lu tio n  (T -6 1 \R /, H oechst, Som erville, NJ). Im m ediately 
a f te r  th e  anim als becam e u n c o n sc io u s , a  sk in  flap  o v e r  th e  le f t  c h e s t  
w as re f le c te d  an d  blood co llec ted  b y  c a rd iac  p u n c tu re  in to  s te r i le  
h e p a r in iz e d  v a c u ta in e r  blood tu b e s  (V a c u ta in e r\R /, B ecton D ickinson, 
Sioux C ity , IA). The anim als w ere  th e n  e x sa n g u in a te d  by  ex c is in g  th e  
c a ro tid  a r te r ie s .
N inety  e ig h t arm ad illos  w ere  h an d  c a u g h t a t  n ig h t on r iv e r
le v ee s  in  so u th  L ou isiana  (S a in t L a n d ry  P a rish ) . The anim als w ere
h o u sed  a t  th e  Gillis W Long H an sen ’s D isease C en te r. They w ere 
a n a e s th e tiz e d  u s in g  ketam ine h y d ro c h lo rid e  (K e ta se t\R /, V e te r in a ry  
P ro d u c ts  B ris to l L a b o ra to rie s , S y ra c u se , NY) a t  a  dose  r a te  of 20 mg 
p e r  kg  body w eig h t an d  1 ml o f blood w as co llec ted  from  th e  
su b c la v ia n  v e in  in to  s te r i le  h e p a r in iz e d  co a ted  tu b e s  a n d  s to re d  a t  
4 \o /C .
Blood exam ination
D irect blood exam ination  w as done on 24 o f 48 opossum s. Five 
m ic ro lite rs  of f r e s h  blood w as p laced  on  a  c lean  m icroscope s lide , 
c o v e red  w ith  an  18 X 18 mm c o v e rs lip  an d  exam ined fo r  try p o m a s tig o te s  
u n d e r  p h a se  c o n tr a s t  o r  b r ig h t  fie ld  illum ination  a t  400X
m agnifica tion  (o b jec tiv e  40X, o c u la r  10X).
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Blood c u ltu re
Blood c u ltu re  w as done on  all anim als. One ml of h e p a rin ize d  
blood w as a se p tic a lly  a d d ed , w ith in  24 h o u rs  of co llec tion , to  f la sk s  
c o n ta in in g  10 ml o f liv e r  in fu s io n  t r y p to s e  (LIT) m edia su p p lem en ted  
w ith  10% h e a t in a c tiv a te d  (5 6 \o /C , 30 m in u tes) fe ta l ca lf se ru m , 100 
IU p en ic illin , 100 u g  s tre p to m y c in , a n d  0.25 ug  of am p h o te ric in -B  p e r  
ml of m ed ia .\1 2 / F la sk s  w ere  k e p t  a t  room te m p e ra tu re  (approx im ate ly  
2 5 \o /C ). E v e ry  tw o w eeks a  d ro p  w as exam ined u n d e r  a  c o v e rs lip  a t  
400X m agn ifica tion . Sam ples w ere  d e te rm in ed  to  be  p o s itiv e  w hen 
m otile ep im astig o te  fo rm s o f T. c ru z i w ere  seen . S u b c u ltu re s  w ere 
made w hen clum ps of a m as tig o te s  w ere seen  in c u ltu re . C u ltu re s  w ere 
c o n s id e re d  n e g a tiv e  if no ep im astig o te s  w ere  seen  w ith in  20 w eeks of 
in o cu la tion .
N ecropsy
T h ir ty  opossum s w ere  av a ilab le  fo r  com plete n e c ro p sy s . A 
v a r ie ty  of t i s s u e s  in c lu d in g  h e a r t ,  to n g u e , d iap h rag m , in te rc o s ta l  
m uscle, q u a d r ic e p s , an d  b ra in  w ere  exam ined h is to log ica lly . H earts  
from  an  a d d itio n a l 15 opossum s w ere  av a ilab le  fo r  g ro s s  and  
h is to lo g ica l exam ination. N ecro p sy  exam ination on  th e  in fe c ted  
arm adillo  in c lu d ed  t i s s u e s  from  th e  h e a r t ,  th ig h  m uscle, in te rc o s ta l  
m uscle, lu n g , k id n e y , small in te s t in e , b la d d e r , l iv e r  a n d  th y m u s w ere 
exam ined h is to lo g ica lly . T is su e s  fo r  h is to p a th o lo g y  w ere  fixed in 
n e u tra l  b u ffe re d  10% form alin . Two sec tio n s  each  of th e  r ig h t  an d  
le f t  v e n tr ic le  a n d  sec tio n s  of each  a triu m  from  all h e a r ts  w ere 
exam ined h is to log ica lly . T issu e s  w ere  em bedded  in  g lycol m e th acry la te  
an d  sec tio n ed  a t  2 um, o r  em bedded  in  p a ra ff in  an d  sec tio n ed  a t  4 um. 
All s ec tio n s  w ere  s ta in ed  w ith  hem atoxylin  an d  eosin .
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RESULTS
Blood c u ltu re  an d  h is to p a th o lo g ica l f in d in g s  a re  p re s e n te d  in 
Table 1. Of th e  48 opossum s, 18 (37.5%) w ere  in fe c te d  w ith  T .c ru z i as  
d e m o n stra ted  e i th e r  by  blood c u ltu re  o r  h is to lo g ica l exam ination. 
T rypanosom a c ru z i w as con firm ed  b y  blood c u ltu re  in  16 (33.3%) of th e  
48 opossum s a n d  by  f in d in g  p s e u d o c y s ts  in  h e a r t  t is s u e s  in  a  f u r th e r  
2 (4.2%). One o u t o f th e  24 opossum s exam ined b y  d ire c t  blood sm ear 
w as fo u n d  to  be p o s itiv e .
Of th e  98 arm adillo  blood sam ples c u ltu re d , 1 w as p o s itiv e  6 
w eeks a f te r  in o cu la tio n  in to  LIT media. A second  blood c u ltu re  ta k e n  
2 m onths a f te r  th e  f i r s t  from  th e  in fe c te d  anim al w as a lso  p o s itiv e  
b u t  a  th i r d  c u ltu re  ta k e n  26 m onths a f te r  th e  seco n d  w as n eg a tiv e . 
D uring  th is  p e rio d , th e  anim al w as k e p t in  c a p tiv ity  an d  iso la ted  
from  o th e r  anim als an d  re d u v iid e  v e c to rs .
On th e  a v e ra g e , p o s itiv e  c u l tu re s  w ere  id e n tif ie d  in  opossum s 
a n d  a rm ad illos 5 w eeks p o s t  in o cu la tio n  (ran g e ; 2 to  12 w eeks). 
P o sitiv e  c u l tu re s  u su a lly  d ev e lo p ed  clum ps re sem b lin g  w hite  blood 
cell a g g re g a te s  p r io r  to  th e  a p p e a ra n c e  of motile ep im astig o tes  in 
c u ltu re . If  th e se  c u l tu re s  w ere  m ain ta ined , i t  took  s e v e ra l  m onths 
fo r  ep im astig o tes  to  a p p e a r , w here  s u b c u ltu re  u su a lly  led  to  th e  
a p p e a ra n c e  of motile form s 2 to  4 w eeks la t te r .
F o u r (8.3%) of th e  opossum  an d  2 (2%) of th e  arm adillo  blood 
c u l tu re s  w ere co n tam in ated  w ith  b a c te r ia  o r  fu n g u s  by  th e  4 th  w eek 
p o s t ino cu la tio n  d e sp ite  s t r in g e n t  s te r i le  te c h n iq u e s  u sed  d u rin g  
blood co llection . Of th e  6 anim als e u th a n iz e d  w ith  T -6 1 \R / all had 
m arked  hem olysis an d  on ly  1 of th is  g ro u p  c u ltu re d  p o s itiv e .
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T h ere  w ere  no g ro s s  le s io n s  in  a n y  of th e  opossum  h e a r ts  
exam ined. Of th e  45 h e a r ts  exam ined, 22 (49%) had  a  m y o card itis  of 
mild s e v e r i ty ,  c o n s is tin g  o f v e ry  small a g g re g a te s  (10-20 cells) of 
inflam m atory  ce lls  m ultifocally  ex p an d in g  th e  in te rs ti t iu m  an d  
occasionally  re p la c in g  a  m y o fib er (F ig. 1A). In  m ost, m acro p h ag es  
w ere  th e  p re d o m in a n t cell ty p e  w ith  s lig h tly  few er ly m p h o cy te s  b u t  in  
some a g g re g a te s , th is  o rd e r  w as re v e r s e d . Plasm a ce lls  w ere
in f re q u e n tly  p re s e n t .  R ig h t a n d  le f t  v e n tr ic le s  w ere  a ffe c ted
sim ilarly . A tria l m yocardium  w as e sse n tia lly  norm al.
P se u d o c y s ts  of T .c ru z i w ere  p re s e n t  w ith in  m y o fib ers  of 6 
opossum s, u su a lly  a s  an  iso la ted  c y s t  ex cep t in  1 anim al w h ere
m ultip le  c y s ts  w ere  fo u n d  (Fig. IB). P se u d o c y s ts  w ere  p r e s e n t  in  bo th  
r ig h t  a n d  le f t  v e n tr ic le s  an d  w ere  n o t u su a lly  a s so c ia te d  w ith  
inflam m ation. H ow ever, in  1 anim al, th e  c y s t  w as s u r ro u n d e d  b y  a 
m odera te  n u m b er of lym p h o cy tes. In  a ll o th e r  t is s u e s  exam ined, a 
s in g le  T .c ru z i c y s t  w as p r e s e n t  w ith in  th e  to n g u e  m u scu la tu re  of only 
one opossum . T his anim al had  a  p o s itiv e  blood c u ltu re  fo r  T. c ru z i 
and  a c y s t  w ith in  th e  r ig h t  v e n tr ic u la r  m yocardium  b u t  no 
m yocard itis .
S even  of 30 opossum s h ad  S a rc o c y s tis  sp ec ie s  c y s ts  in  one o r 
more m uscle t is s u e s . Six opossum s had  B esnoitia  d a r lin g i c y s ts  w ith in  
th e  m yocardium  an d  2 had  c y s ts  w ith in  o th e r  m uscles. D eg en era tin g  
c y s ts  w ere  s u r ro u n d e d  b y  fa ir ly  e x ten s iv e  a re a s  of g ranu lom atous 
inflam m ation an d  f ib ro s is . M ultiple small foci of g lia l ce lls  w ere 
id e n tif ie d  in  2 anim als, in  th e  m idbrain  in one a n d  th e  
c e reb ro c o tic a l g ra y  m a tte r in  th e  o th e r .
T h ere  w ere  no g ro s s  le s io n s  in  th e  t is s u e s  of th e  in fec ted
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arm adillo  a t  n e c ro p sy . H isto log ically , a p a r t  from  3 S a rc o c y s tis  c y s ts  
in  th e  th ig h  m uscle a n d  a  mild focal b ro n c h io litis  o b lite ra n s
s u r ro u n d in g  a  frag m e n t o f a n  u n id e n tif ie d  nem atode, th e  t is s u e s  w ere
norm al. No c y s ts  o r  in flam m atory  c h a n g e s  ty p ic a lly  a sso c ia te d  w ith




In fec tio n  r a te s  in  opossum s in  th e  U nited  S ta te s  as
d e te rm in ed  b y  blood c u l tu re  a lone v a ry  be tw een  13.8% a n d  63% (Table 
2 ) .\8 ,1 0 / The in fe c tio n  r a te  a s  d e te rm in ed  by  blood c u l tu re  of 33.3% 
re p o r te d  h e re  is  com parab le  to  lev e ls  re p o r te d  in  S o u th  America. 
Blood c u l tu re s  from  opossu m s in  a n  a re a  of B razil in  w hich  C h ag as’ 
d isease  h a s  r e c e n tly  becom e e s ta b lis h e d  show ed a  p re v a le n c e  of 
32.8% .\13/ The d is c o v e ry  o f on ly  2 (4.2%) in fe c te d  anim als by
h is to p a th o lo g y  alone s u g g e s ts  th a t  blood c u ltu re  is one of th e  more 
a c c u ra te  m ethods, a lth o u g h  tim e consum ing , of d e te rm in in g  T. c ru z i 
p re v a len c e  in  opossum s. The fa c t  th a t  some in fe c te d  anim als w ere 
c u ltu re  n e g a tiv e  in d ic a te s  th a t  th e y  e i th e r  d id  n o t h av e  a
c irc u la tin g  p a ra s item ia , o r  th a t  i t  w as so low th a t  a m ore se n s itiv e  
m ethod su ch  a s  x en o d iag n o sis  w ould h ave  b een  n eed ed  to  d e te c t 
o rg a n ism s .\1 4 /
R ep o rted  T. c ru z i p re v a le n c e  r a te s  in  a rm ad illos te n d  to  be 
low er th a n  th o se  in  opossu m s (Table 2). A re c e n t  r e p o r t  of T. c ru z i 
in fec tio n  r a te s  of 28.8% in  arm ad illo s  from  a s ite  n e a r  New O rleans,
L ouisiana, d if fe re d  m ark ed ly  from  o u r  d a t a . \ l l /  B ecause th e
arm adillos came from  d if f e r e n t  s ite s  w ith in  L ou isiana , th e s e  d a ta  
s u g g e s ts  th a t  th e  p re v a le n c e  r a te s  of T. c ru z i b e tw een  arm adillo  
p o p u la tio n s  a re  h ig h ly  v a ria b le . A p o ssib le  ex p lan a tio n  fo r  th is  
v a r ia tio n  may be a  d iffe re n c e  in  th e  a sso c ia tio n  of th e  2 p o p u la tio n s  
w ith th e  re d u v iid e  v e c to r . V ecto rs  w ere  fo u n d  in  th e  b u rro w s  of 
arm adillos sam pled n e a r  New O rleans b u t  b ecau se  th e  anim als in th e  
p re s e n t  s tu d y  w ere  c a p tu re d  a t  n ig h t w hile feed in g  aw ay from  th e ir
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b u rro w s , su ch  s tu d ie s  w ere  n o t c o n d u c te d . \H /
The mild m ononuclear m y o card itis  u su a lly  u n a sso c ia te d  w ith  
p s e u d o c y s ts , w hich  w ere  r a r e ly  o b s e rv e d , in  opossum s is  c o n s is te n t 
w ith  f in d in g s  in  c h ro n ic  C h ag as’ d isea se  in  man a n d  d o g s .\1 5 / 
O possum s a n d  arm ad illo s  a re  am ong th e  g ro u p  of anim als w ith  a 
c o n s id e ra b le  d e g re e  of a d a p tio n  to  in fe c tio n  w ith  p a th o g en ic  T. c ru z i 
iso la te s  of man an d  o th e r  m am m als.\ 16 / A lthough  i t  w as n o t p o ssib le  
to  c o rre la te  th e s e  le s io n s  to  d isea se  in  th e  o p ossum s, su c h  f in d in g s  
in  man an d  d o g s h av e  b een  a s so c ia te d  w ith  s e v e re  e le c tro c a rd io g ra p h ic  
d is tu rb a n c e s .\1 5 /  F u r th e r  s tu d ie s  w ould be n eed ed  to  show  su c h  an  
a sso c ia tio n  e x is ts  in  in fe c te d  opossum s. The lack  of le s io n s  a n d  a  
n e g a tiv e  c u ltu re  a f te r  b e in g  c u ltu re  p o s itiv e  2 y e a r s  p re v io u s ly  
s u p p o r ts  th e  c o n ten tio n  th a t  a rm ad illos  a re  well a d a p te d  to  T. c ru z i 
in fe c tio n .\1 6 /
Six opossum s had  e x ten s iv e  g ran u lo m ato u s  inflam m ation 
s u r ro u n d in g  d e g e n e ra tin g  B esno itia  d a r lin g i c y s ts .  T his re a c tio n  
a p p e a re d  to  be d is t in c t  from  an d  u n a sso c ia te d  w ith  th e  e tio lo g y  of 
th e  s c a t te re d  in te r s t i t ia l  small a g g re g a te s  of m acro p h ag es  and  
ly m p h o cy tes  an d  th e re  w as no c o rre la tio n  b e tw een  in fec tio n  w ith 
B esno itia  d a r l in g i . S a rc o c v s tis  sp ec ie s  a n d  T. c ru z i . T hese 
a g g re g a te s  w ere  in te r p r e te d  h is to lo g ica lly  to  be  c a u se d  by  in fec tio n  
w ith  T. c ru z i , a lth o u g h  f u r th e r  s tu d ie s  a re  r e q u ire d  to  confirm  th is .
W ithin th e  la s t  tw o d e ca d e s , th e  opossum  h a s  gained  
p o p u la r ity  a s  a  la b o ra to ry  anim al. Many anim als u se d  in  th e  
la b o ra to ry  a re  wild c a u g h t. In  a  s tu d y  of opossum s in o cu la ted  
in tra v e n o u s ly  w ith  a lp h a-h em o ly tic  s tre p to c o c c i to  in d u c e  b a c te ria l 
e n d o c a rd itis , a  n o n -sp e c if ic  m ultifocal lym phocy tic  m y o card itis  was
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n o ted  h is to lo g ica lly  in  20 of 21 t e s t  anim als an d  in  9 of 12
c o n tro ls .\1 7 /  O th er w o rk e rs  h av e  a lso  d e sc r ib e d  a  m y o card itis  of 
u n know n  c au se  in  w ild -c a u g h t o p o ssu m s.\1 8 ,1 9 / In  l ig h t of th e  p re s e n t  
f in d in g s , i t  is  p o ssib le  t h a t  th e  m y o card itis  may have  been
a sso c ia te d  w ith  T .c ru z i in fec tio n .
D espite  c lose  a d h e re n c e  to  s te r i le  te c h n iq u e  in  blood
co llec tion  from  anim als, sam ples becam e co n tam in a ted  b y  b a c te r ia  o r  
fu n g i an d  may h av e  led  to  fa lse ly  low c u l tu re  r e s u l ts .  S im ilar
p rob lem s have  b een  e x p e rien c e d  b y  o th e r  in v e s t ig a to r s  w hen blood 
sam pling  opossum s a n d  a rm a d i l lo s \9 , l l /  A n o th er c au se  of n eg a tiv e  
c u ltu re  r e s u l t s  may h av e  b een  a sso c ia te d  w ith  th e  u se  of T -6 1 \R / to  
e u th a n itiz e  opossum s. A lthough  th e  n u m b er of anim als th a t  w ere 
e u th a n itiz e d  u s in g  th is  d ru g  w as low, th e  m arked  hem olysis i t  c au sed  
in d ic a te s  a  m arked  toxic e ffe c t on  ce lls  w hich may h ave  d e c re a se d  
try p o m a s tig o te  v iab ility .
R esu lts  r e p o r te d  docum en t th e  h ig h  in c id en ce  of T. c ru z i in 
opossum s from  so u th  L ouisiana. In  L ouisiana, h u n tin g  is  n o t on ly  a 
p o p u la r  p a s s  tim e, b u t  a  v o ca tio n  fo r  some g ro u p s  who t r a p  an d  sk in  
c o n s id e ra b le  n u m b ers  of anim als su c h  a s  opossum s. A lthough  th e  
v iru le n c e  of th e s e  T. c ru z i iso la te s  to  man is  u n k n o w n , c a re  shou ld  
be e x e rc ise d  w hen dealin g  w ith  wild c a u g h t opossum s in  th e  la b o ra to ry  
o r  th e  fie ld .
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TABLE 1
R esu lts  o f blood c u l tu re s  a n d  h is to p a th o lo g y  in  opossum s
No. Positive /N o . Exam ined % P o sitiv e
C u ltu re  p o s itiv e  a n d /o r  c y s ts  18/48 37.5
LIT Blood c u l tu re s  16/48 33.3
M yocard itis  22/45 48.9
T. c ru z i c y s ts  6 /45  13.3
T. c ru z i c y s ts  an d  m y o card itis  5 /45  11.1
C u ltu re  p o s itiv e  an d  m y o card itis  9 /45  20.0
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TABLE 2
R ep o rted  in c id en ce  of T. c ru z i in  opossum s a n d  arm ad illos  in  U nited  
S ta te s
A u th o r S ta te
No. P ositive /N o . 
O possum
Exam ined (%) 
Arm adillo
P ack ch in ian  (1942) Tx 5 /8  (63%) 1/5  (7%)
M cKeever e t  al (1958) G a/F l 89/552 (16%) 9/608 (1.5%)
O lsen e t  al (1964) Al 17/123 (13.8%) -
Y aeger (1988) La - 23/80  (28.8%)
B a rr  e t  a l (1989) La 18/48 (37.5%) 1/98 (1%)
FIGURE LEGENDS
FIGURE 1. C lu s te rs  of in flam m atory  ce lls , p red o m in an tly  lym phocy tes, 
p re s e n t  w ith in  th e  in te rs ti t iu m  o f th e  m yocardium  of a n  opossum  (A). 
Hem atoxylin an d  Eosin, X 100. A s in g le  T. c ru z i  p se u d o c y s t co n ta in in g  
m ultip le  a m astig o te s  is  p r e s e n t  w ith in  a  m yocard ial f ib e r  o f an  
opossum  h e a r t  (B). Hem atoxylin a n d  E osin , X 250.
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CHAPTER 2
SEROLOGICAL AND BLOOD CULTURE SURVEY OF FOUR DOG 
POPULATIONS FOR TRYPANOSOMA CRUZI FROM 
SOUTH LOUISIANA
S te p h e n  C. B arr, C orrie  Brow n, Vida A. D ennis, Thom as R. Klei
To be su b m itte d  to  th e  A m erican Jo u rn a l of T ro p ica l M edicine
an d  H ygiene
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A b s tra c t . Blood c u ltu re  a n d  se ro lo g y  w ere  u sed  to  s tu d y  th e  
p re v a le n c e  of T rypanosom a c ru z i in fe c tio n  in  a  g ro u p  of 85 r u r a l  dogs 
from  so u th  L ou isiana  w hich  w ere  know n to  have  b een  in  c o n ta c t w ith  
wild h o s ts  o f th e  hem oflagelate . T hese  r e s u l t s  w ere  com pared  to  blood 
c u ltu re  a n d  sero lo g ica l r e s u l t s  from  103 r u r a l  dogs w ith  lim ited 
know n wild h o s t c o n ta c t, a n d  to  se ro lo g ica l r e s u l t s  from  176 dogs 
from  an  u rb a n  anim al s h e l te r ,  a n d  100 u rb a n  ho u se  hold  p e t  dogs from  
so u th  L ouisiana. A lthough  h em o cu ltu re  w as n e g a tiv e  in  all r u r a l  dogs, 
se ro log ic  e v id en ce  of in fe c tio n  w as o b ta in e d  fo r  4 of th e  85 ru r a l  
dogs w ith  know n h o s t c o n ta c t a n d  4 o f 176 d o g s from  th e  animal 
s h e lte r . The o th e r  2 g ro u p s  w ere  sero lo g ica lly  n e g a tiv e  fo r  an tib o d y  
to  T. c ru z i . T hese  r e s u l t s  in d ic a te  th e  p re v a le n c e  r a te  fo r  ex p o su re  
to  T. c ru z i a n tig e n  is  h ig h e r  in  d o g s w ith  h ig h  know n c o n ta c t w ith  
th e  v e c to r  an d  wild h o s ts  of T. c ru z i an d  s u g g e s t  th a t  sim ilar 
s tu d ie s  on h ig h  r is k  hum an p o p u la tio n s  a re  in d ic a ted .
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In  S o u th  A m erica 10 to  12 million peop le  a re  re p o r te d ly  
a ffe c te d  b y  C h ag a s’ d is e a s e .\1 /  A lth o u g h  th e r e  h av e  b een  on ly  th r e e  
r e p o r te d  hum an c a se s  in  th e  U n ited  S ta te s , se ro lo g ica l s u rv e y s  
s u g g e s t  a  h ig h e r  e x p o su re  r a t e . \ 2 - 8 /  The dog is  c o n s id e re d  to  be  one 
of th e  main r e s e r v o i r s  o f in fe c tio n  fo r  v e c to r s  o f T rypanosom a c ru z i  
in  S o u th  A m erica .\9 / C anine C h ag as’ d ise a se  h a s  b e en  docum en ted  in  
th e  U n ited  S ta te s  b y  n e c r o p s y .\1 0 -1 4 / S e ro lo g ica l s u rv e y s  o f dogs
have  d e m o n s tra te d  p re v a le n c e  r a te s  ra n g in g  from  1.1% to  86% .\4,8,15- 
17 / Most dog p o p u la tio n s  s tu d ie d  h av e  b een  h o u se  hold  p e ts  w hich  have  
had  l i t t le  c o n ta c t w ith  w ild r e s e r v o i r  h o s ts  o r  v e c to r s .\1 5 -1 7 /  
In fec tio n  r a te s  in  wild r e s e r v o i r  h o s ts  a n d  v e c to r s  a re  r e p o r te d  to  
be h ig h . For exam ple, a b o u t 20% of v e c to r s , \1 8 /  29% of
a rm a d illo s ,\1 9 / a n d  37.5% of opossu m s (C h a p te r  1) from  s i te s  in  so u th  
L ou isiana  a re  r e p o r te d  to  be  in fe c te d  w ith  T. c ru z i . R ep o rts  of T. 
c ru z i in fe c tio n s  in  p o p u la tio n s  of d o g s  w ith  h ig h  r is k  o f e x p o su re  to  
w ildlife an d  v e c to r s  a re  n o t av a ilab le .
The p u rp o s e  of th e  p r e s e n t  s tu d y  w as to  s u rv e y  u s in g  blood 
c u ltu re  an d  se ro lo g y , a  p o p u la tio n  of r u r a l  d o g s c o n s id e re d  to  have  a 
h ig h  e x p o su re  to , a n d  in  m any c a se s , w ere  know n to  e a t  w ild r e s e rv o i r
h o s ts  of T. c ru z i . The r e s u l t s  from  th is  g ro u p  a re  com pared  to  d a ta
from  a p o p u la tio n  of r u r a l  d o g s n o t commonly exposed  to  wild
re s e rv o i r  h o s ts , a n d  two p o p u la tio n s  of u rb a n  liv in g  dogs; one from  
an  anim al s h e l te r ,  an d  a  g ro u p  o f h o u se  ho ld  p e ts .  The so u rc e  an d  
p u b lic  h e a lth  s ig n ific a n ce  of T. c ru z i  in fe c tio n s  in  c e r ta in  N orth  
Am erica p o p u la tio n s  of d o g s  is  d is c u s se d .
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MATERIALS AND METHODS
Dog p o p u la tio n s
F o u r p o p u la tio n s  o f d o g s w ere  s u rv e y e d  a n d  a re  d e sc rib e d
below.
1) G roup 1 (Roaming ru r a l ) .  E ig h ty  fiv e  mixed b re e d  h u n tin g  dogs 
betw een  th e  a g e s  of 1 a n d  12 y e a r s  old from  New Ib e r ia  in  so u th  
L o u isiana  (Ib e r ia  p a r is h )  w ere  s u rv e y e d  d u r in g  th e  h u n tin g  seaso n  in  
D ecem ber, 1987. When n o t h u n tin g , th e  dogs w ere  c h a in e d  in  th e  open , 
some in  w ooden dog h o u ses , w hich w ere  seldom  o ff th e  g ro u n d . House 
hold s c ra p s  mixed w ith  com m ercial d ry  dog food w as th e i r  main d ie t. 
D uring  th e  h u n tin g  seaso n  th e s e  dogs would be re le a se d  in  p a ck s  to  
h u n t  d e e r . Dogs w ere  o fte n  n o t fo u n d  fo r  d a y s  a f te r  th e i r  re le a se  and  
had  am ple o p p o r tu n i ty  of e x p o su re  to  wild h o s t a n d  v e c to r s  of T. 
c ru z i . All dogs had  been  u se d  to  h u n t d e e r  in  th e  m onth  p re c e d in g  th e  
s u rv e y . N early  all of th e se  d o g s h ad  b een  seen  a n d  e n c o u ra g e d  to  ea t 
dead  opossum  an d  arm adillo  n o t on ly  as  p a r t  of th e i r  d ie ts  b u t  also
in  th e  be lie f th a t  th is  would s h a rp e n  th e i r  h u n tin g  sk ills . Blood 
sam ples fo r  c u ltu re  an d  se ro lo g y  w ere  co llec ted  from  th i s  g ro u p  and  
th e i r  age  an d  sex no ted .
2) G roup 2 (H oused r u r a l) .  One h u n d re d  an d  th r e e  E n g lish  P o in te rs  
be tw een  th e  a g es  of 9 m onths a n d  8 y e a r s  old from  one k en n e l in 
so u th e a s t  L ou isiana  (W ashington  p a r is h )  w ere  s u rv e y e d  in  Decem ber, 
1985. T hese  dogs w ere  h o u sed  in  en c lo sed  r u n s  a n d  k e n n e ls  on cem ent 
p a d s  w hich  w ere  c lean ed  daily . T h e ir d ie t c o n s is te d  ex c lu s iv e ly  of a 
com m ercial d ry  dog food. T h is g ro u p  of dogs had  had  lim ited ex p o su re  
to  wild h a b ita ts  an d  w ere  u sed  m ainly in  b ird  dog tr ia ls .  Some had
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b een  ta k e n  b ird  h u n tin g  b u t  w ere  a c tiv e ly  d isco u rag e d  from  h u n tin g  o r 
e a tin g  o th e r  game, an d  w ere  n e v e r  le f t  in  th e  fie ld  o v e r  n ig h t. None 
had  been  seen  to  e a t an  opossum  o r  arm adillo . Blood sam ples fo r 
c u ltu re  an d  se ro lo g y  w ere  co llec ted  from  th is  g ro u p  of d o g s an d  th e i r  
ag e  an d  sex  no ted .
3) G roup 3 (Roaming s u b u rb a n ) . One h u n d re d  a n d  s e v e n ty  six mixed 
b re e d  a d u lt  dogs from  th e  B aton Rouge Animal S h e lte r  (E ast Baton 
Rouge p a r is h )  w ere  s e ro s u rv e y e d  b e tw een  J u n e  a n d  Ju ly , 1987. B ecause 
th e s e  dogs w ere  co llec ted  a s  s t r a y s  from  w ith in  th e  B aton Rouge c ity  
a re a , th e y  h ad  no know n h is to ry  of p re v io u s  o w n e rsh ip , d ie t, o r  
h o u sin g . Most w ere  in  po o r co n d itio n  w hen  su rv e y e d . D uring  s e ra  
co llection , th e  sex w as n o ted . Blood fo r  c u ltu re  w as n o t o b ta in ed .
4) G roup 4 (H oused s u b u rb a n ) . One h u n d re d  serum  sam ples w er 
se le c ted  from  dogs ad m itted  to  th e  L ou isiana  S ta te  U n iv e rs ity  
V e te r in a ry  T each ing  H ospital d u r in g  J u n e  a n d  Ju ly , 1988. The dogs 
w ere  ag ed  be tw een  9 m onths a n d  15 y e a r s  a n d  w ere  hou se  hold p e t 
w ith in  th e  c ity  of B aton R ouge (E as t B aton Rouge p a r is h ) . At th e  time
of se lec tio n , th e  sex, b re e d  an d  p re s e n t in g  com plain t of th e  dogs 
w ere  no ted .
Blood co llection
Each anim al w as r e s tr a in e d  in  a  s i t t in g  p o sitio n . The h a ir  was 
c lip p ed  an d  th e  sk in  s te r iliz e d  o v e r  th e  ju g u la r  ve in . Two ml of 
blood w as d raw n  th ro u g h  a  20 g au g e  n eed le  in to  a  h e p a rin ize d  
v a c u ta in e r  tu b e  (V a cu ta in e r\R /, B ecton D ickinson an d  Co., R u th e rfo rd ,
NJ) fo r  blood c u ltu re  a n d /o r  in to  a  whole blood tu b e . Blood fo r 
c u ltu re  was s to re d  a t  4 \o /C  no lo n g e r  th a n  24 h o u rs . Serum  was d raw n
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from  whole blood tu b e s  w ith in  6 h o u rs  of co llection  an d  s to re d  a t  
4 \o /C  fo r  no lo n g e r th a n  48 h o u rs  p r io r  to  r e f r ig e ra t io n  a t  -8 0 \o /C .
C u ltu re s
One ml o f h e p a r in iz e d  blood w as a d d ed  to  10 ml of liv e r  
in fu s io n  t r y p to s e  (LIT) m edia su p p lem en ted  w ith  10% h e a t in a c tiv a te d  
(56 \o /C , 30 m inu tes) fe ta l ca lf serum  (FCS), 100 IU of p en ic illin  an d  
100 u g  of s tre p to m y c in , a n d  0.25 ug  of am p h o te ric in -B  (Gibco, G rand 
Is la n d , NY) p e r  ml of m ed ia .\2 0 / F la sk s  w ere  k e p t  a t  room te m p e ra tu re  
(25 \o /C ) an d  exam ined e v e ry  2 w eeks u s in g  a  w et p re p a ra t io n  u n d e r  a 
co v e r s lip  a t  400 X (o b je c tiv e  40 X, o c u la r  10 X). Sam ples w ere 
c o n s id e re d  p o s itiv e  w hen motile ep im astig o te  fo rm s of T. c ru z i w ere 
seen . C u ltu re s  w ere c o n s id e re d  n e g a tiv e  if no ep im astig o tes  w ere  seen  
a f te r  20 w eeks.
Serology
An enzym e lin k ed  im m u n o so rb en t a s s a y  (ELISA) w as developed  
fo r u se  in th e  dog b ased  on th e  p ro c e d u re  a s  p re v io u s ly  
d e s c r ib e d .\2 1 /  Soluble p a ra s i te  a n tig e n  w as p ro d u c e d  from  T. c ru z i 
ep im astig o tes  grow n in  LIT m edia su p p lem en ted  w ith  10% FCS as 
p re v io u s ly  d e s c r ib e d .\2 0 /  P a ra s i te s  w ere  h a rv e s te d  d u r in g  th e  log 
p h a se  of g ro w th , w ash ed  th re e  tim es in  0.01 M p h o sp h a te  b u ffe re d  
sa line  (PBS), pH 7.4, f r e e z e /th a w e d  4 tim es (d ry  ic e /a c e to n e  b a th ) 
a n d  so n ica ted  fo r 3 m inu tes w ith  a  B ronson  Sonic Pow er S o n ifie r W 350 
(P lainview , NY) s e t  a t  50% of maximum. P a ra s ite  d e b r is  w as rem oved by 
h ig h  sp eed  c e n tr ifu g a tio n  (100,000 g fo r  1 h o u r  a t  4 \o /C ). Following 
p ro te in  c o n te n t d e te rm in a tio n , th e  s u p e r n a ta n t  w as f i l te re d  th ro u g h  a
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0.2 um f i l te r  (A c ro d isc \R /, Gelman S c ien ces , Ann A rb o r, MI), 
a liq u o ted  in to  50 u l am o u n ts , an d  s to re d  a t  -8 0 \o /C .\2 2 /
The optim um  a n tig e n  (2.5 ug  p e r  ml), c o n ju g a te  (1:1000) an d  
s e ra  (1:64) c o n c e n tra tio n s  w ere  d e te rm in ed  a s  p re v io u s ly  
d e s c r ib e d \2 1 /  b y  c h e c k e rb o a rd  t i t r a t io n  u s in g  know n p o s itiv e  an d  
n e g a tiv e  c o n tro l dog s e ra . Wells of f la t  bo ttom ed m ic ro tite r  p la te s  
(Immulon l\R /»  D ynatech  L a b o ra to rie s , A lexandria , VA) w ere  coated  
w ith  50 u l o f a n tig e n  in  0.1 M c a rb o n a te -b ic a rb o n a te  b u f fe r ,  pH 9.6, 
a n d  in c u b a te d  o v e rn ig h t  a t  4 \o /C . For u se , th e  p la te s  w ere  w ashed  
th re e  tim es (3 m inu tes  p e r  w ash) in  PB S-Tw een c o n ta in in g  0.05% Tween 
20 (T w een -2 0 \R /, Sigm a Chem ical Co., S t. Louis, Mo). A fte r w ash in g ,
50 ul of serum  d ilu ted  in  PB S-Tw een w as a d d e d  to  each  well and  
in c u b a te d  fo r  2 h o u rs  a t  room te m p e ra tu re . All sam ples w ere  te s te d  in  
d u p lica te . A fte r f u r th e r  w ash in g , 50 u l of a f f in ity  p u r if ie d , 
h o rs e ra d is h  p e ro x id ase  c o n ju g a te d  g o a t a n ti-d o g  IgG (h eav y  an d  l ig h t 
ch a in  sp ec ific ; K irk eg aard  a n d  P e r ry  L a b o ra to rie s  In c ., G a ith e rsb u rg ,
MD) d ilu te d  in  PBS-Tw een w as a d d ed  to  each  well a n d  in c u b a te d  fo r  2 
h o u rs  a t  room te m p e ra tu re . The p la te s  w ere  w ash ed  an d  each  well 
re a c te d  w ith  100 u l s u b s t r a te  (9 p a r t s  of 0.0052 M 5-am ino sa licy lic  
ac id , pH 6.0, in  1 p a r t  0.05% H /2 \0 /2 \) .  A fte r 30 m inu tes  of
in c u b a tio n  in  th e  d a rk , th e  re a c tio n  w as s to p p ed  w ith  25 ul of 1 M 
NaOH. Colour developm en t w as m easu red  w ith  an  MR700 M icroplate  R eader 
(D ynatech) a t  a w a v e le n g th  of 630 . R esu lts  a re  e x p re s se d  as
a r b i ta r y  ELISA u n its  (EU) d e fin ed  on th e  b a s is  o f a  r e fe re n c e  pool of 
s e ra  from  T. c ru z i in fe c te d  dogs to  w hich  all o th e r  sam ples w ere 
com pared . P o sitiv e  an d  n e g a tiv e  EU v a lu es  w ere  a s s ig n e d  by  3 tim es 
th e  mean EU of n e g a tiv e  co n tro l sam ples. To s ta n d a rd iz e  re a d in g s
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betw een  p la te s , all EU v a lu e s  fo r  a  p la te  w ere  d iv id ed  by  3 tim es th e  
mean EU of n e g a tiv e  c o n tro l sam ples fo r  th a t  p la te  so th a t  a n y  EU 
v a lu e  g re a te r  th a n  1 w as p o s itiv e . T hese  v a lu e s  w ere  called  a d ju s te d  
EU v a lu es  (aEU). The a s s a y  w as ch eck ed  fo r  c ro s s  re a c t iv i ty  by  
te s t in g  s e ra  from  dogs w ith  know n in fe c tio n s  w ith  p a th o g e n s  m ost 
lik e ly  to  cau se  c ro s s  r e a c t iv i ty  w ith  T. c ru z i . T hese  p a th o g en s  
in c lu d ed  Leishm ania d o n o v an i. Toxoplasm a g o n d ii. E h rlich ia  c a n is . 
E h rlich ia  p la tv s . D iro filaria  im m itis. H epatozoon c a n is . B abesia 
g ib so n i. H em obartonella c a n is . T oxocara c a n is . D ipetalonem a 
re c o n d itu m . A ncylostom a can in u m . T r ic h u r is  v u lp is . a n d  C anine p a rv o  
an d  d is tem p er v iru s e s .
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RESULTS
All aEU v a lu e s  fo r  th e  s e r a  u se d  to  t e s t  fo r  c ro s s  re a c tio n
w ere u n d e r  1 aEU, e x c e p t one. T h is sam ple w as from  a  dog w ith  an
in fec tio n  of L. d o novan i a n d  h a d  a  com plem ent fixa tion  t i t e r  of
1:1024 (Dr. F. S te u re r ,  p e rs o n a l com m unication, C e n te r  fo r  D isease 
C ontro l, A tlan ta , Ga), an d  a n  aEU v a lu e  of 3.245. B ecause of th is  
c ro s s  re a c tio n , an  a r b i t r a r y  c u t  of v a lu e  o f 3.25 aEU w as s e t  above 
w hich  a n y  v a lu e  w as c o n s id e re d  to  be  c o n s is te n t  w ith  a  p re v io u s  o r  
c u r r e n t  e x p o su re  to  T. c ru z i . V alues be tw een  1 an d  3.25 w ere  
su g g e s tiv e  of c ro s s  re a c tio n  o r  a  low T. c ru z i t i t e r ,  a n d  v a lu es  le ss  
th a n  1 w ere  c o n s id e re d  n e g a tiv e .
All c u l tu re s  of blood from  th e  85 roam ing r u r a l  d ogs a n d  103 
dom estic ru r a l  dogs w ere  n e g a tiv e  b y  20 w eeks p o s t in o cu la tion . Two 
o f th e  85 (2.4%) an d  2 of 103 (2%) blood c u l tu re s  from  th e s e  g ro u p s  
w ere co n tam in ated  w ith  b a c te r ia  o r  fu n g i 2 w eeks pi.
R esu lts  of ELISA te s t s  on th e  dogs s e r a  a re  p re s e n te d  in
F ig u re  1. F o u r of th e  85 roam ing  r u r a l  dogs h ad  aEU v a lu es  g r e a te r  
th a n  5 in d ic a tin g  a  se ro lo g ica l p re v a le n c e  to  T. c ru z i of 4.7% in 
th is  p o p u la tio n . Of th e se  4 do g s, 2 w ere  fem ale a n d  2 w ere  male, an d  
all w ere  o v e r  3 y e a r s  of ag e . Two of th e s e  dogs b e lo n g ed  to  th e  same 
ow ner. Of th e  103 r u r a l  dom estic  d o g s , none had  h ig h  aEU v a lu es  
c o n s is te n t w ith  ex p o su re  to  T. c ru z i  a lth o u g h  2 d o g s  had  aEU v a lu es  
be tw een  1 an d  5. T h u s , th e  d iffe re n c e  be tw een  th e  r u r a l  p o p u la tio n s  
in n u m b ers  of d ogs w ith  e x p o su re  to  T. c ru z i w as 4.7%.
F o u r of th e  176 roam ing s u b u rb a n  d ogs had  h ig h  aEU v a lu es  
s u g g e s tin g  an  ex p o su re  r a te  to  T. c ru z i of 2.3%. T h ree  o f th e s e  dogs
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w ere  fem ale, an d  one w as a  male. E leven  sam ples had  v a lu e s  betw een  1 
an d  5. None o f th e  100 s e r a  te s te d  from  h o u sed  s u b u rb a n  d o g s  h ad  aEU 
v a lu e s  g r e a te r  th a n  5 b u t  4 had  le v e ls  b e tw een  1 a n d  5. T h e re fo re , 
th e  d iffe re n c e  b e tw een  th e  tw o s u b u rb a n  p o p u la tio n s  in  n u m b ers  of 
d ogs exposed  to  T. c ru z i w as 2.3%. B ecause  th e  ag e  o f th e  s u b u rb a n  
wild g ro u p  w as n o t a c c u ra te ly  know n, i t  w as im possib le  to  
s ta t is t ic a l ly  an a ly ze  d if fe re n c e s  d u e  to  ag e  b e tw een  th e s e  g ro u p s .
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DISCUSSION
T his is  th e  f i r s t  s tu d y  th a t  we a re  aw are  of th a t  
sp ec ifica lly  in v e s t ig a te s  se ro in c id e n c e  of T. c ru z i  in  a  g ro u p  of 
d o g s w ith  f r e q u e n t  c o n ta c t w ith  wild h o s ts , a n d  com pares th e s e  
r e s u l t s  w ith  th o se  from  o th e r  dog p o p u la tio n s . The sero log ica l 
p re v a le n c e  to  T. c ru z i in  th is  g ro u p  of d o g s (roam ing ru ra l)  is  
c o n s id e ra b ly  h ig h e r  th a n  th e  r u r a l  g ro u p  th a t  had  l i t t le  know n 
c o n ta c t w ith  wild h o s ts  (h o u sed  ru ra l) .  T h is s u g g e s ts  th a t  
p o p u la tio n s  of d ogs v a ry  in  th e i r  se ro lo g ica l p re v a le n c e  to  T. c ru z i 
a n d  th a t  c e r ta in  po p u la tio n  g ro u p s  may be a  r e s e rv o i r  of in fec tio n  
fo r  T. c ru z i . The dog is  an  im p o rta n t dom estic r e s e rv o i r  fo r  hum an 
d isea se  in a re a s  of S o u th  A m erica .\2 3 / No su c h  ev id en ce  is  av ailab le  
in N orth  America. In  fa c t  th e re  is  co n flic tin g  d a ta  a s  to  w h e th e r  
se ro p re v a le n c e  in  hum an p o p u la tio n s  may be re f le c te d  by 
s e ro p re v a le n c e  in  dog p o p u la tio n s . Domestic dogs a n d  d o g s from  an  
anim al s h e lte r  show ed a  s e ro p re v a le n c e  of 60% (6 of 10 d ogs p o s itiv e ) 
an d  86% (24 of 28 dogs p o s itiv e ) re s p e c tiv e ly  in  a n  a re a  from  w here  
th e  la s t  hum an case  of C h ag a s’ d isea se  w as re p o r te d  in  C alifo rn ia , 
an d  a lso  w here  2.5% (6 of 237) of peop le  w ere  se ro lo g ica lly  p o s itiv e  
fo r  T. c ru z i . \ 4 /  T hese in v e s t ig a to r s  a lso  re p o r te d  a  low er 
se ro p re v a le n c e  in  dogs (4 of 27 o r  15% p o s itiv e ) a n d  people  (1 in  654 
o r  0.2% p o sitiv e ) in  a  co n tro l g ro u p  from  S an  F ra n c is c o .\4 /  
F u r th e rm o re , B u rk h o ld e r a n d  o th e r s \8 /  re p o r te d  hum an se ro p re v a le n c e  
to  T. c ru z i from  th e  Lower Rio G rande Valley o f Texas to  be  2.4% (12 
of 500 p o s itiv e ), c o n s id e ra b ly  h ig h e r  th a n  th a t  r e p o r te d  b y  F a r r a r  
an d  o th e rs  in G eorgia w here  on ly  2 o f 3761 people  had  a  p o s itiv e
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t i t e r . \ 7 /  S im ilarly , d ogs from  th e  Lower Rio G rande  Valley had  a  
s e ro p re v a le n c e  of 8.8% (12 of 136 p o s itiv e ) w hich  w as h ig h e r  th a n
th a t  r e p o r te d  from  G eorgia (1.9% o r  7 of 365 d o g s  p o s i t iv e ) .\8 ,15/
T hese  r e p o r ts  s u g g e s t  an  a sso c ia tio n  b e tw een  s e ro p re v a le n c e  to  T. 
c ru z i in  man a n d  dogs. H ow ever, th e re  h a s  b een  no e v id en c e  of C h ag as’ 
d isea se  am ong fam ily m em bers liv in g  in  a sso c ia tio n  w ith  in fe c ted  
d o g s .\1 2 /  T h is s u g g e s ts  th a t  a lth o u g h  sim ilar fa c to r s  in flu en ce  th e  
s e ro p re v a le n c e  to  T. c ru z i in  b o th  d ogs a n d  man, th e  dog does no t
a p p e a r  to  p lay  a  ro le  a s  a  r e s e rv io r  h o s t fo r  m an in  c e r ta in
p o p u la tio n s  in  N orth  Am erica. In  L ouisiana, t r a p p in g  a n d  sk in n in g  
c o n s id e ra b le  n u m b ers  of an im als su c h  as  opossum s is  a  vo ca tio n  fo r 
some an d  a  p o p u la r  p a s s  time fo r  o th e rs . T h e re  is  a  n eed  fo r  f u r th e r  
s tu d y  n o t o n ly  in to  th e  p re v a le n c e  of T. c ru z i in  th e se  a t  r is k  
g ro u p s  of peop le , b u t  to  c la r ify  th e  ro le  o f th e  dog a s  a  re s e rv o ir  
h o s t of T. c ru z i in fec tio n  fo r  h ig h  r is k  g ro u p s  in  N orth  America.
The main mode o f tra n sm iss io n  of T. c ru z i to  dogs in  S o u th  
A m erica is  th o u g h t to  be  b y  c o n ta c t w ith  v e c to rs . T riatom ids in  N orth  
Am erica v a ry  in  b e h av io r to  th o se  in  S o u th  Am erica in  th a t  th e y  
d e feca te  a t  a  lo n g e r  in te rv a l  a f te r  ta k in g  a  blood m ea l.\2 4 / 
T h e re fo re , a s  in fec tio n  d e p e n d s  on  c o n ta c t of in fe c te d  fe c e s  w ith  
h o s t sk in  o r  m ucus m em branes, th e  delay  in  d e feca tio n  w ould d e c re a se  
th e  r is k  of tra n sm iss io n  b y  th is  ro u te . H ow ever, i t  is  p o ss ib le  th a t  
d o g s loose in  th is  e n v iro n m e n t fo r  s e v e ra l d a y s  a re  fo rce d  to  seek  
s h e lte r  an d  s leep  n e a r  v e c to r  n e s ts . In  L ou isiana  v e c to rs  a re  
re p o r te d  to  have  an  in fe c tio n  r a te  of ap p ro x im ate ly  20% an d  a re  
p re v a le n t  in  hollow ro tt in g  t r e e s . \1 8 /  Dogs may be b it te n  while 
s leep in g  a s  h a s  been  s u g g e s te d  to  be th e  mode of tra n sm iss io n  to
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arm ad illos  in  sim ilar s i tu a tio n s , b u t  g iv en  th e  b e h a v io r  of th e  
v e c to r s  in d ig e n o u s  to  N o rth  A m erica, th is  may be le ss  lik e ly  th a n  th e  
d ogs e a tin g  th e  v e c to r s  in  re s p o n se  to  b e in g  b i t te n  b y  th e m .\1 9 / 
O possum s h ave  b een  show n to  become in fe c te d  w ith  T. c ru z i  if  th e y  e a t  
in fe c te d  m a te r ia l.\2 5 / T h u s , b e ca u se  th e  dogs in  th e  roam ing ru r a l  
g ro u p  v a r ie d  m ainly from  th e  h o u sed  r u r a l  g ro u p  in  th e i r  g r e a te r  
a cc e ss  to  wild h o s ts  an d  v e c to r s ,  a  lik e ly  ro u te  of in fe c tio n  in  th e  
roam ing r u r a l  g ro u p  cou ld  be by  e a tin g  th e  in fe c te d  t i s s u e s  of wild 
h o s ts  a n d /o r  in fe c te d  v e c to rs . B ecause of th is ,  i t  is  u n lik e ly  th a t  
th e  dog p la y s  a  ro le  a s  r e s e rv o i r  h o s t  fo r  v e c to r s  in  N orth  America. 
A lthough  b o th  g ro u p s  come from  so u th  L ou isiana , th e  soil, v e g e ta tio n  
an d  ev en  clim ate a re  d if f e r e n t  b e tw een  th e  tw o s i te s  w hich  could  
in flu en ce  th e  p re v a le n c e  o f v e c to rs  in  each  s ite . F u r th e r  s tu d ie s  a re  
n eed ed  to  e lu c id a te  th e  mode of tra n sm iss io n  be tw een  v e c to r s , wild 
h o s ts  an d  th e  dog, an d  th e  enzoo tic  ro le  each  p la y s  in  N orth  America.
The h ig h e r  s e ro p re v a le n c e  to  T. c ru z i in  th e  roam ing  s u b u rb a n  
g ro u p  of d ogs o v e r  th e  h o u sed  s u b u rb a n  d o g s is  c o n s is te n t  w ith  
f in d in g s  of o th e r  s u rv e y s . Navin a n d  o th e rs  fo u n d  60% (6 of 10)
dom estic and  86% (24 of 28) anim al s h e l te r  dogs from  th e  same c o u n ty  
in  C alifo rn ia  to  be s e ro p o s itiv e  fo r  T. c ru z i . \ 4 /  The roam ing 
s u b u rb a n  g ro u p  of dogs in  th is  s u rv e y  w ere  p ro b a b ly  exposed  to  T. 
c ru z i in  a  sim ilar m anner a s  th e  roam ing  r u r a l  g ro u p , b y  e a tin g  
in fe c te d  t is s u e s  from  wild h o s ts . The p re v a len c e  ra te  o f T. c ru z i in 
opossum s w ith in  Baton Rouge c ity  a s  d e te rm in ed  by  blood c u ltu re  an d  
h is to p a th o lo g y  is  37.5% (C h ap te r 1). O possum s f re e ly  roam th e  
m etropo litan  a re a  an d  a re  commonly k illed  on th e  ro a d s  w here  th e y  
p ro v id e  an  e a sy  meal fo r  s t r a y  dogs. H ow ever, i t  is  p o ssib le  th a t
s t r a y  d o g s a re  exposed  to  v e c to r s  w ith in  th e  c ity , a lth o u g h  th e r e  a re  
no s tu d ie s  on p re v a len c e  an d  in fec tio n  r a te s  o f T. c ru z i in  v e c to rs  
w ith in  E as t B aton Rouge P a rish . Housed dom estic dogs would n o t be
exposed  to  th e se  p o te n tia l so u rc e s  of in fec tio n  b ecau se  th e y  w ould be 
p re v e n te d  from  roam ing a n d  n o t have  a c c e ss  to  ro ad  k illed  opossum s.
Reports of seroprevalen ce  of dogs to T. cru zi in North
America n o t on ly  v a ry  d e p en d in g  on th e  s ta te  from  w h ere  th e
p o p u la tio n s  a re  d raw n , b u t  a re  a lso  d e p e n d e n t on  th e  se ro log ica l
a ssa y  u sed . The m ost common a s s a y s  u se d  in c lu d e  in d ir e c t  
h em ag g lu tin a tio n  (IHA), com plem ent fixa tion  (CF), o r  d ire c t
a g g lu tin a tio n  (DA) a s s a y s . \4 ,8 ,15,17/ The in h e re n t  an ti-co m p lem en ta ry  
n a tu re  of dogs s e ra  a n d  th e  c ro s s  re a c tiv i ty  be tw een  T. c ru z i 
a n tig e n s  a n d  a n tig e n s  o f o th e r  o rg an ism s, e sp ec ia lly  L eishm ania  
sp ec ie s , make it d if f ic u lt  to  com pare r e s u l ts  from  th e se
a s s a y s . \8 ,15,17/ Navin a n d  o th e r s  u sed  an  in d ire c t  im m u n ofluo rescen t 
(IIF) a ss a y  to  avoid  th e  an ti-co m p lim en ta ry  n a tu re  of dog s e ra  
a lth o u g h  c ro s s  re a c tio n s  may s till  h av e  o c c u r r e d . \4 /  Tom linson an d  
o th e rs  fo u n d  th a t  a lth o u g h  th e  DA a s s a y  p ro d u c e d  a  c o n sid e ra b le  
num b er of fa lse  p o s itiv e  re a c tio n s , i t  w as a  good sc re e n in g  t e s t  
p r io r  to  fin a l ev a lu a tio n  b y  th e  CF a s s a y .\1 5 /  C ro ss  re a c tio n s  
betw een  T. c ru z i a n tig e n s  an d  a n tib o d ie s  sp ec ific  fo r  Leishm ania 
sp ec ie s  a lso  o c c u rs  in  th e  ELISA a ssa y  b u t  th e  level o f re a c tiv i ty  
allows d if fe re n tia tio n  b e tw een  T. c ru z i a n d  L eishm ania. \2 6 /  The a ssa y  
u sed  in  th is  r e p o r t  w as te s te d  fo r  c ro s s  re a c tiv i ty  to  a  w ide ra n g e  
of lik e ly  in fe c tio u s  a g e n ts , a n d  on ly  one sam ple w ith  a  v e ry  h igh  IFA 
t i t e r  to  Leishm ania c ro s s  re a c te d  in  th e  ELISA a ssa y . T hu s, to  
in c re a se  th e  co n fid en ce  lev e l of th e  a s s a y  an d  avo id  p o ssib le  c ro s s
44
re a c tio n s , a  c u t  off aEU v a lu e  of 3.25 w as a r b i t r a r i ly  s e t  so th a t  
dogs w ith  aEU v a lu es  ab ove  th is  lev e l w ere  d e te rm in ed  to  have  had  
e x p o su re  to  T. c ru z i . All d o g s ex p erim en ta lly  in fe c te d  w ith  T. c ru z i 
develop  aEU in  th is  ELISA abo v e  1 b y  d ay  30 p o s t in fe c tio n  a n d  rem ain  
p o s itiv e  fo r  s e v e ra l y e a r s  a f te r  in fec tio n  (C h a p te r  7). I t  is  
p o ssib le  th a t  if  dogs h ad  b e en  in fe c te d  w ith in  th e  la s t  m onth  of 
b e in g  s u rv e y e d , th e y  w ould n o t be  d e te c te d  b y  th is  a ssa y . 
F u r th e rm o re , some of th e  d o g s th a t  show ed c ro s s  re a c tiv e  aEU v a lu e s  
may h av e  b een  in fe c ted  w ith  T. c ru z i an d  had  n o t dev e lo p ed  aEU v a lu es  
o v e r  3.25 a t  th e  tim e of th e  s u rv e y .
The in a b ility  o f blood c u l tu re  to  d e te c t  in fec tio n  in 
s e ro p o s itiv e  d o g s in  th is  s tu d y  may be du e  to  a  n u m b er of re a so n s . 
F ir s t ly , th e re  may n o t h av e  b een  a  c irc u la t in g  p a ras item ia . S econdly , 
con tam ination  may have r e s u l te d  in  an  in a b ility  to  c u ltu re  o rg an ism s, 
a lth o u g h  serum  from  dogs w hose blood c u l tu re s  becam e co n tam in ated  was 
sero lo g ica lly  n e g a tiv e  fo r  T. c ru z i . T h ird ly , th e  p a ra s ite m ia  may be 
s u b p a te n t  an d  only  be d e te c te d  u s in g  a  m ore s e n s it iv e  te c h n iq u e  su ch  
a s  x en o d iag n o sis  o r  a  c o n c e n tra tio n  te c h n iq u e  a s  is  re q u ire d  to  
d e m o n stra te  p a ra s ite m ia s  in  ch ro n ic  hum an C h ag as’ d is e a s e .\2 7 /
A lthough  th e re  w as no s ig n if ic a n t d iffe re n c e  b e tw een  th e  sex 
of dogs in fe c te d , all s e ro p o s itiv e  anim als in  th e  r u r a l  g ro u p  w ere  
o v e r 3 y e a r s  of ag e , a  f in d in g  c o n s is te n t  w ith  o th e r  r e p o r ts .  
B u rk h o ld e r an d  o th e rs  fo u n d  th a t  d o g s o v e r  2 y e a r s  w ere  in fe c ted  more 
f r e q u e n tly  th a n  y o u n g e r  d o g s . \8 /  H ow ever, on ly  2 of th e  20 c lin ical 
c a se s  r e p o r te d  in  d o g s from  N orth  Am erica in  th e  la s t  11 y e a rs  have  
been  o v e r  2 y e a r s  of ag e , an d  b o th  th e se  d o g s w ere  13 y e a rs  old an d , 
like th e  y o u n g e r  dogs, d id  n o t su rv iv e  th e  in fec tion .M O -14 ,28 / This
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may s u g g e s t  th a t  o ld e r  d o g s  a re  ab le  to  s u rv iv e  th e  in fe c tio n  to  
d evelop  se ro lo g ica l t i t e r s  w h ere  a s  y o u n g  o r  g e r ia tr ic  anim als a re  
u n a b le  to  s u rv iv e  a n d  d ev e lo p  c lin ica l d isea se  th a t  is  in v a r ia b ly  
fa ta l. F u r th e r  s tu d ie s  on ag e  re s is ta n c e  in  d o g s to  T. c ru z i a re  
r e q u ire d  to  a d d re s s  th e s e  q u e s tio n s .
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FIGURE 1. A n ti-T. c ru z i  IgG a n tib o d y  lev e ls  m easu red  in  a d ju s te d  
ELISA u n its  (aEU) in  fo u r  dog p o p u la tio n s  from  so u th  L ouisiana. A- 
roam ing ru ra l .  B -  h o u sed  ru ra l .  C -  roam ing s u b u rb a n . D -  h o u sed  
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CHAPTER 3
GROWTH PARAMETERS IN AXENIC AND CELL CULTURES, 
PROTEIN PROFILES, AND ZYMODEME TYPING OF THREE 
TRYPANOSOMA CRUZI ISOLATES FROM LOUISIANA MAMMALS
S te p h e n  C. B arr, Vida A. D ennis, Thom as R. Klei
To be su b m itte d  to  th e  J o u rn a l  of P a ra s ito lo g y
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A b s tra c t -  R ates of try p o m a s tig o te  a d h e re n c e , in te r io r iz a tio n , 
am astig o te  d iv is io n  in  a n d  try p o m a s tig o te  re le a se  from  Vero cells 
w ere  m easu red  fo r T. c ru z i  iso la te s  from  a  dog (Tc-D), opossum  (Tc- 
0 ), an d  an  arm adillo  (Tc-A) from  L ouisiana. T c -0  a n d  Tc-A (wild 
iso la te s )  try p o m a s tig o te s  becam e in te r io r iz e d  ra p id ly  d e p le tin g  th e  
m edia of try p o m a s tig o te s  a n d  re d u c in g  n u m b ers  of try p o m a s tig o te s  
av a ilab le  to  a d h e re  to  ce lls . In  c o n tra s t ,  Tc-D try p o m a s tig o te  
in te r io r iz a tio n  r a te  w as slow er.
In tra c e l lu la r  am astig o te  d iv is io n  r a te  w as slow er fo r  th e  Tc-D 
th a n  th e  w ild iso la te s . Tc-D try p o m a s tig o te s  w ere  re le a se d  from  cells  
ap p ro x im a te ly  2 d a y s  la te r  th a n  w ild iso la te  try p o m a s tig o te s , b u t 
tw ice th e  n u m b er w ere  re le a se d . G row th r a te  fo r  Tc-D ep im astig o tes  in  
liv e r  in fu s io n  t r y p to s e  m edia w as f a s te r  th a n  th a t  of w ild iso la te s . 
D oubling tim es fo r  Tc-D , T c -0  an d  Tc-A w ere  48, 69 a n d  67.4 h r  
re sp e c tiv e ly .
Soluble p a ra s i te  e x t r a c t  w as p ro d u c e d  from  ep im astig o tes  of each  
iso la te  by  f re e z e /th a w in g , so n ica tio n  a n d  h ig h  sp eed  c e n tr ifu g a tio n . 
P ro te in s  w ere  s e p a ra te d  on  a  SDS-PAGE slab  gel a n d  s ta in e d  w ith  
coom assie b lue . A lthough  sim ilar b a n d s  w ere  p r e s e n t  in  each  
p re p a ra t io n , th e  g e n e ra l p a t te r n  of s ta in in g  w as sim ilar be tw een  T c -0  
an d  Tc-A p re p a ra t io n s , w h ich  show ed some d if fe re n c e s  from  th e  Tc-D 
p re p a ra t io n .
Each iso la te  w as zym odem e ty p e d  u s in g  5 enzym es in  ly s a te s  
p ro d u c e d  from  ep im astig o tes  of each  iso la te . Enzym es w ere  
e le c tro p h o re tic a lly  s e p a ra te d  a n d  s ta in e d . Wild iso la te s  show ed 
sim ilar p a t te r n s  a s  zymodeme 1 re fe re n c e  s to ck  w hile Tc-D p ro d u c e d  a  
p a t te rn  th a t  d id  no t resem b le  a n y  of th e  re fe re n c e  s to c k s  exam ined.
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T rypanosom a c ru z i h a s  been  re p o r te d  to  in fe c t o v e r  100 mammalian 
sp ec ie s  of e ig h t  o rd e r s  th ro u g h o u t  th e  A m ericas (Miles, 1983). The 
opossum , arm adillo , an d  racco o n  a re  th e  w ild sp ec ie s  a n d  th e  dog th e  
dom estic sp ec ie s  m ost f r e q u e n t ly  r e p o r te d  to  be  in fe c te d  w ith  T. 
c ru z i in  N orth  Am erica (M cKeever e t  a l.. 1958; Y aeger, 1961; O lsen e t  
a l.. 1964; Williams e t  a l.. 1977; S n id e r  e t  a l.. 1980; B a rr  e t  a l..
1986; Fox e t  a l.. 1986: Y aeger, 1988). In  c o n tr a s t  to  th e  o f te n  fa ta l 
in fe c tio n s  r e p o r te d  in  d o g s , T. c ru z i  in fe c tio n s  h a v e  n o t been  
r e p o r te d  to  c au se  a d v e rse  a f fe c ts  in  w ild h o s ts  in  s p ite  of th e  
p re s e n c e  o f am astig o te s  in  v a r io u s  t is s u e s  in c lu d in g  th e  h e a r t  m uscle 
(Walton e t  a l.. 1958).
Few N orth  Am erican T. c ru z i iso la te s  from  w ild h o s ts  have  been  
e x te n s iv e ly  s tu d ie d  in  a  c o n tro lle d  m anner a lth o u g h  some s tu d ie s  have 
re p o r te d  N orth  Am erican iso la te  in o cu la tio n  in to  y o u n g  g o a ts , ca lv es , 
p ig s , lam bs (Diamond an d  R ubin, 1958), d o g s (Goble, 1958), an d  mice 
(P ack ch an ian , 1939; Walton e t  a l.. 1958: O lsen e t  a l.. 1964:
B u rk h o ld e r e t  a l.. 1980). T h e re  a re  no r e p o r ts  of in  v i t r o  s tu d ie s  
c h a ra c te r iz in g  g ro w th  in  axen ic  m edia, in fe c tiv ity  o f ce ll c u ltu re s  
o r  b iochem ical a n a ly s is  o f T. c ru z i iso la te s  from  N orth  A m erican wild 
h o s ts . Two iso la te s , one from  a hum an p a t ie n t  a n d  one from a  
re d u v iid a e  v e c to r  h ave  b e e n  zymodeme ty p e d  (Navin e t  a l.. 1985; B eard 
e t  a l.. 1988). F u r th e rm o re , th e r e  a re  no d e ta iled  r e p o r ts  o f in  v itro  
s tu d ie s  on  T. c ru z i iso la te s  from  in fe c te d  d o g s in  N orth  America.
I t  h a s  b een  re p o r te d  t h a t  m any S o u th  A m erican T. c ru z i iso la tes  
an d  c lones from  common s to ck  d if fe r  from  each  o th e r  b ased  on 
in tr in s ic  p a ra m e te rs  su c h  a s  b iochem ical, an d  in t r a  a n d  e x tra c e llu la r  
g ro w th  p a ra m e te rs  (B erte lli an d  B re n e r , 1980; P ira s  e t  a l.. 1983;
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D vorak , 1984; A rau jo  J o rg e  e t  a l.. 1986). T h is r e p o r t  com pares a n d  
c o n tr a s ts  th e  in  v i tro  g ro w th  p a ra m e te rs  in  axen ic  c u ltu re  m edia, 
in tr a c e l lu la r  g ro w th  p a ra m e te rs  in  cell c u ltu re ,  zymodem e ty p e s , an d  
p ro te in  com position u s in g  p o lyacry lam ide  gel e le c tro p h o re s is  of T. 
c ru z i iso la te s  from  an  opossum  (T c-0 ), arm adillo  (Tc-A ), an d  a  dog 
(Tc-D) from  so u th  Louisiana.
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MATERIALS AND METHODS
Iso la tio n  a n d  m ain ten an ce  o f p a ra s i te s
Dog iso la te . A dog p re s e n te d  to  th e  LSU V e te r in a ry  C linical C en te r 
w as fo u n d  to  h av e  a  p a ra s ite m ia  of T. c ru z i a s  p re v io u s ly  d e sc r ib e d  
(B a rr e t  a l.. 1986). Blood w as a se p tic a lly  co llec ted  b y  ju g u la r  
v e n ip u n c tu re  a n d  t r a n s f e r r e d  in to  h e p a r in iz e d  blood v a c u ta in e r  tu b e s .
Opossum  a n d  arm adillo  iso la te s . O possum s a n d  arm ad illos  w ere  live 
tr a p p e d  in  s o u th e rn  L ouisiana. O possum s w ere  im m obilized w ith  an  
in tra p e r i to n e a l  in je c tio n  of sodium  p e n to b a rb ita l  a n d  a se p tic a lly  
c a rd iac  b led  in to  h e p a r in iz e d  v a c u ta in e r  tu b e s  (B ecton D ickinson Co., 
R u th e rfo rd , NJ). A rm adillos w ere  immobilized w ith  in tra m u sc u la r  
ke tam ine  h y d ro c h lo rid e  (V e te rin a ry  P ro d u c ts  B ris to l Lab., S y ra c u se ,
NY) a n d  b led  from  th e  su b c la v ia n  v e in  a lso  in to  h e p a rin ize d  
v a c u ta in e r  tu b e s .
All blood sam ples w ere  s to re d  a t  4 \o /C  fo r  no lo n g e r  th a n  24 h r  
p r io r  to  c u ltu re . One ml o f each  sam ple w as in o cu la ted  in to  10 ml of 
l iv e r  in fu s io n  t r y p to s e  (LIT) m edia su p p lem en ted  w ith  10% h e a t 
in a c t iv a te d  (5 6 \o /C , 30 m inu tes) fe ta l calf serum  (FCS), 100 IU
p en ic illin , 100 u g  s tre p to m y c in , a n d  0.25 ug  of am p h o te ric in -B  p e r  ml 
of m edia (Logan and  H anson, 1974). C u ltu re s  w ere  s to re d  a t  room 
te m p e ra tu re  (25 \o /C ). E v e ry  2 w eeks a  d ro p  of medium w as exam ined 
u n d e r  co v e r s lip  a t  400 X (10 X o c u la r , 40 X o b je c tiv e ) . When motile 
ep im astig o te  s ta g e s  w ere  see n  th e  p a ra s i te s  w ere  sed im en ted  by  
c e n tr ifu g a tio n  (800 g, 15 min a t  4 \o /C ). A pproxim ately  h a lf of th e  
sed im en t w as in o cu la ted  in to  f r e s h  f la sk s  c o n ta in in g  LIT media 
su p p lem en ted  as  above an d  w as ro u tin e ly  m ain ta ined  by  s e r ia l p a ssa g e
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e v e ry  14 d ay s . The rem ain in g  sed im en t w as in o cu la ted  o n to  m onolayers 
of A frican  G reen  M onkey K idney ce lls  (Vero ce lls) in  25 cc t is s u e  
c u ltu re  f la sk s  o v e rla id  w ith  10 ml MEM-10% FCS, p lu s  100 IU 
p en ic illin , 100 u g  s tre p to m y c in , a n d  0.25 u g  of am p h o te ric in -B  p e r  ml 
of m edia a t  37 \o /C  in  hum id ified  a tm o sp h ere . The try p o m a s tig o te  w ere  
p ro p a g a te d  in  V ero cell m ono layers  b y  w eek ly  t r a n s f e r .  Media was 
re p la c e d  w ith  f r e s h  m edia e v e ry  48 h rs .  P r io r  to  u se , th e  p a ra s i te s  
w ere  re c o v e re d  from  th e  V ero ce ll c u l tu re s  b y  c e n tr ifu g a tio n  (8,000 
g, 15 min a t  4 \o /C ), w ash ed  in  0.01 M p h o sp h a te  b u ffe re d  sa line  
(PBS), pH 7.4, a n d  re s u s p e n d e d  in  MEM-2% FCS. P a ra s i te s  a n d  ce lls  
w ere  c o u n ted  u s in g  a  m odified N eu b aeu r hem acy tom eter. T ry p o m astig o te s  
w ere  u sed  in  all Vero cell in fe c tio n  exp erim en ts .
Q u an tifica tio n  o f a d h e re n c e  a n d  in te r io r iz a tio n  in to  V ero cells.
A m odification  o f th e  te c h n iq u e  d e sc r ib e d  by  A ndrew s a n d  Colli 
(1982) w as u sed . Vero cell m ono layers  w ere  p re p a re d  on Lab Tek (No 
4804, N aperv ille , II) t i s s u e  c u l tu re  ch am b er s lid e s . E ig h t s lid e s  
w ere  p re p a re d  (4 ch am b ers  p e r  s lid e , each  ch am b er 2 c m \2 / in  a re a ). 
P r io r  to  in fec tio n , th e  ce lls  in  th e  4 ch am b ers  on one s lid e  w ere  
t ry p s in iz e d , s ta in e d  fo r  v ia b ility  u s in g  t ry p a n  b lue  a n d  c o u n ted  in  a  
m odified N eu b eau r h em acy to m ete r to  o b ta in  a  m ore e x ac t estim ate  of 
th e  a v e ra g e  cell c o u n t p e r  ch am b er. The m ono layers  w ere  w ash ed  3 
tim es w ith  PBS a t  4 \o /C , th e n  exposed  to  a  s u sp e n s io n  of 
try p o m a s tig o te s  (of one iso la te ) in  MEM-2% FCS (1 ml /  ch am b er). The 
fina l c o n c e n tra tio n  of try p o m a s tig o te s  w as c a lc u la te d  b a se d  on a  
ra tio  of 5:1 p a ra s i te s  to  Vero ce lls  (m u ltip lic ity  of in fe c tio n -  
m.o.i. = 5). At v a r ia b le  tim e p e r io d s  (2, 4, 6, 8, 12, 16, 20 h rs )
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a f te r  in c u b a tio n  a t  37 \o /C , each  s lid e  w as w ashed  3 tim es in  PBS a t  
4 \o /C . Two of th e  c h am b ers  w ere  th e n  w ash ed  once w ith  1 ml of s te r i le  
d is tilled  w a te r  a t  4 \o /C  fo r  2 min. T his w a te r  t re a tm e n t w as long 
en o u g h  to  ly se  e x tra c e llu la r  a d h e re d  p a ra s i te s ,  b u t  n o t long  en o u g h  
to  ly se  th e  Vero ce lls , th e re fo re  leav in g  on ly  in te r io r iz e d  
p a ra s ite s . Each ch am b er w as th e n  w ash ed  3 m ore tim es in  PBS a t  4 \o /C , 
fixed (B ouin’s fix a tiv e  fo r  30 min a t  room tem p ), s ta in e d  w ith  Giemsa 
(w ork ing  so lu tio n  d ilu te d  1:5) fo r  30 min, r in s e d  in  a ce to n e  a n d  a ir  
d ried .
Two h u n d re d  ce lls  p e r  well w ashed  o n ly  in  PBS w ere  exam ined a t  
1000 X m agn ifica tion  u n d e r  oil to  d e te rm in e  th e  to ta l n u m b er (bo th  
a d h e re d  a n d  in te r io r iz e d )  o f cell a sso c ia te d  p a ra s i te s  p e r  200 cells. 
B ecause th e  w a te r  tre a tm e n t rem oved e x tra c e llu la r  p a ra s i te s  leav in g  
on ly  in tra c e l lu la r  o r  in te r io r iz e d  p a ra s i te s ,  c o u n ts  of n u m b ers  of 
p a ra s i te s  p r e s e n t  in  200 ce lls  p e r  well th a t  h ad  b een  w ashed  in  w a te r 
gave  th e  n u m b er of in te r io r iz e d  p a ra s i te s  p e r  200 ce lls . The 
d iffe ren c e  b e tw een  th e  tw o g ro u p s  gave  n u m b ers  of a d h e re d  p a ra s i te s  
p e r  200 cells. The ex p erim en t w as re p e a te d  fo r  all 3 p a ra s i te  
iso la te s  an d  th e  d a ta  w as p re s e n te d  a s  mean n u m b er of p a ra s i te s  + SE 
a d h e re d  o r in te r io r iz e d  p e r  200 cells.
A m astigote d iv is io n  a n d  try p o m a s tig o te  re le a se  r a te  from  Vero ce lls .
Vero cell m onolayers w ere  p re p a re d  in  th e  ch am b ers  of 7 Lab Tek 
s lid e s  a s  d e sc r ib e d  above. The m ono layers w ere  w ash ed  3 tim es in  PBS 
a t  4 \o /C  p r io r  to  ex p o su re  to  try p o m a s tig o te s  in  1 ml of MEM-10% FCS 
a t  a m.o.i. of 1:1. One of th e  3 ch am b ers  p e r  s lid e  w as exposed  to  
try p o m a s tig o te s  from  each  iso la te . At v a r ia b le  tim e p e rio d s  (1, 2, 3,
60
4, 5, 6, 7 d a y s)  th e  m edia w as rem oved , mixed well an d  c o u n ts  of
try p o m a s tig o te s  p e r  ml w ere  made u s in g  a  m odified N eubaeur 
hem acytom eter. F re sh  m edia w as ad d ed  to  th e  rem ain ing  m onolayers. 
Each day  one s lide  w as fixed  fo r  15 sec o n d s  in  alcohol an d  s ta in e d  in
W righ ts s ta in  (Neat S ta in , A ccra  L a b o ra to rie s , B rid g e p o rt, NJ). Two
h u n d re d  cells  in fe c ted  w ith  a m astig o te s  w ere  exam ined a t  1000 X 
m agn ifica tion  to  d e te rm in e  th e  m ean num b er o f am as tig o te s  p e r  
in fe c ted  cell.
G row th r a te  o f ep im astig o tes  in  LIT medium.
E ig h t d ay  old LIT m ain ten an ce  c u l tu re s  o f e ach  iso la te  w ere  sh ak en  
g e n tly  fo r  1 min to  b re a k  u p  ro s e t te s ,  th e n  allow ed to  s ta n d  fo r  8 h r  
to  allow n o n -v ia b le  o rg an ism s to  sed im en t o u t. The s u p e r n a ta n t  was 
th e n  c a re fu lly  rem oved, c e n tr ifu g e d  (800 X g, 15 min a t  4 \o /C ) and  
th e  p e lle t re s u s p e n d e d  in  LIT to  a  fin a l c o n c e n tra tio n  o f 1 0 \6 / 
o rg an ism s p e r  ml. Ten ml w ere  t r a n s f e r r e d  in to  a  25 cc f la sk  and  
s to re d  a t  room te m p e ra tu re . A fte r g e n tle  sh ak in g  an d  th o ro u g h  mixing,
2 c o u n ts  of motile ep im astig o tes  w ere  m ade p e r  iso la te  e v e ry  3 d ay s  
u s in g  a  m odified N eubeau r hem acytom eter. Sam ples w ere  a p p ro p r ia te ly  
d ilu te d  w ith  LIT a t  4 \o /C  so be tw een  50 an d  200 p a ra s i te s  w ere
c o u n ted  p e r  cham ber. The low te m p e ra tu re  of th e  m edia slowed
ep im astig o te  m ovem ent to  fa c ilita te  co u n tin g . The ex p erim en t w as 
d u p lic a ted  an d  d a ta  e x p re sse d  a s  m ean ep im astig o te  n u m b ers  p e r  ml 
media.
Zymodeme ty p in g .
The zymodeme ty p in g  p ro c e d u re  in c lu d in g  th e  p ro d u c tio n  of ly s a te s ,
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e le c tro p h o re tic  m ethods an d  s ta in in g  of th e  5 enzym es w ere as 
p re v io u s ly  d e sc r ib e d  (Miles e t  al., 1977). The follow ing 5 enzym es 
w ere  em ployed: g lucose  p h o sp h a te  isom erase  (E .C .5.3.I.9 ., GPI);
a lcohol d e h y d ro g e n a se  (NADP+) (E .C.5.1.1.1.2., ADH); is o -c i t r a te  
d e h y d ro g e n a se  (NADP+) (E.C.1.1.1.42., ICD); g lu co se  6 -p h o sp h a te  
d e h y d ro g e n a se  (E.C.2.6.1.2., ALAT). R eference  s ta n d a rd  s to c k s  o f T. 
c ru z i zym odem es u se d  w ere  Silvio xlO clone 6 (Z l), E sm eraldo  clone 3 
(Z2), 92-80 clone 1 (Z2 tr ip le  b a n d ed  re fe re n c e ) , CAn III c lone 1
(Z3) (T ib ay ren c  an d  Miles, 1983).
P a ra s ite  e x tra c ts
S oluble p a ra s i te  e x tra c t  w as p ro d u c e d  from  T. c ru z i  ep im astig o tes  
of each  iso la te  (T c-0 , Tc-A, a n d  Tc-D) g row n in  LIT m edia 
su p p lem en ted  w ith  10% FCS. P a ra s ite s  w ere  h a rv e s te d  d u r in g  th e  log 
p h a se  of g ro w th , w ash ed  3 tim es in  PBS, f re e z e /th a w e d  4 tim es (d ry  
ic e /a c e to n e  b a th )  an d  so n ica te d  w ith  a  B ronson Sonic Pow er S o n ifie r W 
350 (P lainview , NY) s e t  a t  50% of maximum a t  4 \o /C . P a ra s ite  d e b r is  
w as rem oved b y  h ig h  sp eed  c e n tr ifu g a tio n  (100,000 g fo r  1 h o u r  a t 
4 \o /C ). Following p ro te in  c o n te n t d e te rm in a tio n  (B rad fo rd , 1976), th e  
s u p e r n a ta n t  w as f i l te re d  th ro u g h  a  0.2 u f i l te r  (A crodisc1-, Getman 
S c ien ces), a liq u o ted , a n d  s to re d  a t  -8 0 \o /C  u n til  u sed .
SDS-PAGE
Tc-O, Tc-A, an d  Tc-D e x tra c ts  (350 ug  of p ro te in  each) w ere  boiled 
fo r  4 min a t  100\o/C  in  th e  p re se n c e  of 5% (v /v )  2 -m ercap to e th an o l
a n d  2% (w /v ) SDS, an d  r u n  on an  SDS-PAGE s lab  gel w ith  p re s ta in e d
h igh  an d  low m olecu lar w e ig h t p ro te in  s ta n d a rd s  (B e th esd a  R esearch
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L a b o ra to rie s , G a ith e rsb u rg , MD). The 7.5% to  20% g ra d ie n t  gel w ith  4% 
s ta c k in g  gel in  Tris-H C l b u f f e r  (0.125 M, pH 6.8) w as r u n  fo r  1 h r  a t  
16 mA p e r  gel, a n d  4 h r  a t  24 mA p e r  gel fo r  th e  s ta c k in g  an d  
s e p a ra t in g  g e ls  re s p e c tiv e ly  in  a  P ro te in  II s lab  cell (B io-Rad, 
Richm ond, CA).
S ta tis t ic s .
S tu d e n t’s t - t e s t  w as u s e d  a s  th e  m ethod of d e te rm in in g  s ta t is t ic a l  
s ig n ifican ce . D iffe ren ces  w ere  s ta te d  a s  s ig n if ic a n t a t  th e  0.05 
p ro b a b ility  level.
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RESULTS
A d h eren ce  an d  in te r io r iz a tio n
All th r e e  p a ra s ite  iso la te s  w h ere  ab le  to  e n te r  V ero ce lls  an d  
u n d e rg o  in tra c e l lu la r  m u ltip lica tion , w hich  is  c h a ra c te r is t ic  fo r  T. 
c ru z i . H ow ever, th e  k in e tic s  of th e  a d h e re n c e  a n d  in te r io r iz a tio n  
s ta g e s  w ere  d if fe re n t  b e tw een  th e  w ild iso la te s  a n d  th e  dog iso la te  
(Fig. l a  an d  lb ) .  The ad h es io n  r a te s  fo r  all 3 iso la te s  w as g re a te s t  
o v e r  th e  f i r s t  6 h r . All iso la te s  show ed sim ilar a d h es io n  r a te s  
a lth o u g h  th e  r a te  fo r  Tc-D w as s lig h tly  h ig h e r  (F ig. la ) .  From 6 to  
8 h r ,  th e  r a te  of ad h es io n  fo r  th e  w ild iso la te s  d ro p p e d  m arked ly , 
while th e  ad h es io n  r a te  rem ain ed  c o n s ta n t fo r  th e  Tc-D iso la te  
th ro u g h o u t th e  r e s t  of th e  ex p erim en ta l p e rio d . From 8 to  20 h r ,  wild 
iso la te  try p o m a s tig o te s  show ed a  p ro g re s s iv e  decline  in  th e  num b er of 
p a ra s i te s  a d h e r in g  to  cells  (F ig. la ) .
The in te r io r iz a tio n  r a te s  w ere  s ig n if ic a n tly  d if f e r e n t  (P < 0.05) 
be tw een  th e  wild iso la te s  a n d  Tc-D iso la te  a f te r  6 h r . S ig n ific an t 
d iffe re n c e  w ere  n o t o b se rv e d  in  in te r io r iz a tio n  r a te s  be tw een  T c -0  o r  
Tc-A a t  a n y  time d u r in g  th e  ex p erim en ta l p e rio d  (F ig. lb ) .  The 
in te r io r iz a tio n  r a te  fo r  th e  w ild iso la te s  w ere  5 tim es h ig h e r  from  6 
to  8 h r  th a n  fo r  Tc-D (F ig . lb ) .  The in te r io r iz a tio n  r a te  fo r  Tc-D 
try p o m a s tig o te s  rem ained  c o n s ta n t  th ro u g h o u t th e  ex p erim en ta l tim e 
p e rio d  a n d  n e v e r  re a c h e d  th e  h ig h e r  r a te  a ch iev ed  by  th e  wild 
iso la tes .
A m astigote d iv is io n  in  a n d  try p o m a s tig o te  re le a se  from  Vero cells.
The k in e tic s  of in tr a c e l lu la r  am astig o te  d iv ision  r a te s  an d  th e
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a p p e a ra n c e  of try p o m a s tig o te s  in  c u ltu re  medium a f te r  r u p tu r e  from 
cells  fo r  th e  3 iso la te s  a re  show n in  F ig u re s  2a a n d  2b re sp e c tiv e ly . 
A m astigote n u m b ers  re a c h e d  a  p e ak  b y  d ay  4 p o s t  in fec tio n  (PI) fo r 
th e  w ild iso la te s  a n d  by  day  6 PI fo r  Tc-D. A fte r th is  p eak ,
in tra c e l lu la r  am astig o te  n u m b e rs  d e c re a se d  fo r  all iso la te s  a s  
try p o m a s tig o te s  b eg an  to  be  re le a se d  from  th e  ce lls  (F ig. 2a).
D oubling time a f te r  th e  com pletion  o f in te r io r iz a tio n  fo r  th e  Tc-D,
T c -0  an d  Tc-A, w ere  24 ±  1 h r ,  12 ±  0.5 h r ,  a n d  15.6 + 0.8 h r
re s p e c tiv e ly .
The n u m b ers  of try p o m a s tig o te s  th a t  a p p e a re d  in  th e  m edia followed 
a  p a t te r n  sim ilar to  th a t  of am astig o te  d iv is io n  r a te  fo r  each  of th e  
3 iso la te s  (F ig. 2b). N um bers of th e  Tc-A a n d  T c -0  try p o m as tig o te s  
a p p e a re d  an d  re a c h e d  a  p eak  in  th e  m edia b y  d ay  4 an d  5 PI 
re s p e c tiv e ly  b u t  d ec lin ed  ag a in . N um bers o f Tc-D try p o m as tig o te s  
in c re a s e d  m ark ed ly  to  p eak  a t  d ay  6 PI th e n  a lso  d ec lin ed  ra p id ly  
(F ig. 2b). A lthough  Tc-D try p o m a s tig o te s  a p p e a re d  in  c u ltu re  a  day  
a f te r  th e  wild iso la te  try p o m a s tig o te s , th e  n u m b ers  re le a se d  from 
cells  r e f le c t  in tr a c e l lu la r  am astig o te  n u m b ers  b ecau se  tw ice th e  
n u m b er of Tc-D try p o m a s tig o te s  a re  re le a se d  a s  wild iso la te  
try p o m a s tig o te s .
E p im astigo te  g ro w th  r a te  in  LIT
All iso la te s  show ed a  ty p ic a l g ro w th  c u rv e  w ith  lag , logarithm ic 
a n d  d e a th  p h a se s  (Fig. 3). The o n s e t o f th e  logarithm ic  p h ase  
o c c u r re d  e a r l ie r  fo r  Tc-D th a n  fo r  T c -0  an d  Tc-A w hich  had  sim ilar
g ro w th  ra te s .  Tc-D re a c h e d  p eak  n u m b ers  6 d a y s  e a r l ie r  (on day  12)
th a n  T c -0  o r  Tc-A. D oubling tim es fo r  Tc-D, T c -0  an d  Tc-A w ere 48,
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69, an d  67.4 h r  re sp e c tiv e ly .
P ro te in  p ro file s .
All th re e  iso la te s  d isp la y e d  com plex p ro te in  p ro f ile s  a n d  had  
sim ilar n u m b ers  of p ro te in  b a n d s , b u t  cou ld  be c le a r ly  d iv id ed  in to  2 
g ro u p s  b a sed  on th e  p a t te r n s  p ro d u c e d  (Fig. 4). A lthough  th e  re la tiv e  
m olecular w e ig h ts  (MW) of th e  p ro te in  b a n d s  in  each  iso la te  w ere  
sim ilar, Tc-D v a r ie d  from  th e  w ild iso la te s  in  th e  in te n s i ty  of 
s ta in in g  of some b a n d s . F o r exam ple, a  57 kD MW b an d  in  th e  Tc-D 
iso la te , an d  b a n d s  of 52, 49, 45, 13 a n d  9 kD MW in  th e  wild iso la te  
p ro file s  w ere  m ore in te n s e ly  s ta in in g  th a n  b a n d s  w ith  th e  same MWs in 
th e  wild iso la te  p ro f ile s  a n d  th e  Tc-D iso la te  p ro file  re sp e c tiv e ly .
Zymodeme ty p in g .
The th re e  iso la te s  cou ld  be c le a r ly  d iv id ed  in to  2 g ro u p s  b a se d  on 
th e  5 iso -enzym e p a t te rn s .  The p a t te r n s  fo r  ICD an d  G6PD w ere  sim ilar 
be tw een  all 3 iso la te s  an d  th e  Z1 re fe re n c e  p a t te r n .  The p a t te r n s  fo r  
ALAT, ADH an d  GPI fo r  th e  wild iso la te s  a lso  show ed sim ila ritie s  w ith  
th e  Z1 re fe re n c e  p a t te r n s ,  ex ce p t th a t  th e re  w as a  second  b an d  of 
low er m obility  in  ADH scan  (d a ta  n o t show n). Tc-D d if fe re d  from  th e  
o th e r  iso la te s  in  th e i r  ALAT, ADH a n d  GPI p a t te r n s ,  a n d  d id  n o t 
resem ble  a n y  of th e  re fe re n c e  Z p a t te r n s  u se d  (d a ta  n o t show n).
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DISCUSSION
I t  h a s  b een  re p o r te d  th a t  T. c ru z i iso la te s  h av e  th e  p ro p e r ty  of 
in fe c tin g  a sp ec ific  cell ty p e  an d  th a t  th is  t is s u e  tro p ism  is  an 
in tr in s ic  p a ra m e te r  of th e  T. c ru z i iso la te  (A lcan tara  a n d  B re n e r , 
1978; B erte lli an d  B re n e r , 1980; A rau jo  J o rg e  e t  a l.. 1986) an d  
c lones (D vorak, 1984). F u r th e rm o re , in  v i tro  ex p e rim en ts  w hich 
m easu re  an  iso la te ’s a b ility  to  in fe c t a  p a r t ic u la r  cell ty p e  
p a ra lle l th e  in  v ivo  f in d in g s  of t is s u e  tro p ism  d isp la y ed  b y  th a t  
iso la te  (A lcan tara  an d  B re n e r , 1978). In  th is  s tu d y , we com pared  and  
c o n tra s te d  s im ila ritie s  a n d  d if fe re n c e s  be tw een  th r e e  N orth  Am erican 
T. c ru z i iso la te s  u s in g  in  v i tro  p a ra m e te rs  in c lu d in g  g ro w th  in  
axenic c u ltu re  m edia, p a ra s i te -h o s t  cell a sso c ia tio n  an d  
in tra c e l lu la r  g ro w th  p a ra m e te rs , p ro te in  com position , an d  zymodeme 
ty p in g . We h av e  show n th a t  th e  Tc-D iso la te  is  m ark ed ly  d if fe re n t 
from  th e  two wild iso la te s , an d  th a t  th e  wild iso la te s  a re  v e ry  
sim ilar to  each  o th e r . T hese  r e s u l t s  s u g g e s t  th a t  N orth  A m erican T. 
c ru z i iso la te s  may be a s  h e te ro g e n o u s  a s  S ou th  A m erican iso la tes .
P rev io u s  r e p o r ts  h ave  show n th a t  T. c ru z i try p o m a s tig o te s  e n te r  
p ro fe ss io n a l an d  n o n -p ro fe s s io n a l p h a g o cy tic  ce lls  by  e n d o cy to s is , 
an d  a re  fo u n d  in s id e  p lasm a-m em brane d e riv e d  v acu o les  e a r ly  a f te r  
in fec tio n  (N ogueira an d  Cohn, 1976). T his m echanism  of cell e n t r y  can 
be d isso c ia ted  in to  ad h es io n  an d  in te r io r iz a tio n  p h a se s  (S ilv e rs te in  
e t  a l., 1977). A te c h n iq u e  to  s e p a ra te  an d  q u a n tify  a d h es io n  and 
in te r io r iz a tio n  h as  been  u sed  to  s tu d y  th e  e f fe c ts  o f v a ry in g  
te m p e ra tu re , m.o.i., time of e x p o su re  an d  v a r io u s  s e r a  a s  b lock ing  
p ro te in s  on th e se  two p h a se s  fo r  one T. c ru z i iso la te  (A ndrew s and
67
Colli, 1982). By k e ep in g  th e se  fa c to rs  c o n s ta n t  we h ave  u sed  a 
m odification of th e i r  te c h n iq u e  in  th is  s tu d y . P rev io u s  w o rk e rs  u sed  
c o v e rs lip s  in  p e t r i  d ish e s  on w hich to  grow  cell m onolayers p r io r  to  
p a ra s i te  in fe c tio n  (A ndrew s a n d  Colli, 1982). B ecause c o v e rs lip s  w ere 
rem oved a t  v a r ia b le  tim e in te rv a ls  from  th e  in fe c tiv e  medium, a 
p o p u la tio n  of ce lls  w as rem o v ed  from  f u tu r e  p a ra s i te  ex p o su re  w hich 
s lig h tly  in c re a s e d  th e  m.o.i. By u s in g  Lab TekR ch am b er s lid e s  in  o u r 
m odified p ro c e d u re , th e s e  c h a n g e s  in  m.o.i. w ere  av o id ed .
Our d a ta  show s th a t  th e r e  a re  m arked  d iffe re n c e s  be tw een  Tc-D an d  
th e  two wild iso la te s  in  th e  k in e tic s  o f try p o m a s tig o te  -  cell 
a d h e re n c e  a n d  in te r io r iz a tio n . This v a r ia tio n  be tw een  Tc-D an d  th e  
wild iso la te s  ad h es io n  r a te  a f te r  6 h r  is p ro b a b ly  due to  th e  
v a ria tio n  in  in te r io r iz a tio n  of th e  try p o m a s tig o te  d u r in g  th e  p e rio d  
from  6 to  8 h r . At th is  tim e, th e  num b er o f T c -0  an d  Tc-A 
try p o m a s tig o te s  seen  to  be a d h e r in g  to  ce lls  d ec lined  ra p id ly . T his 
co incided  w ith  a ra p id  in c re a s e  in  n u m b ers  of in te r io r iz e d  p a ra s i te s  
s u g g e s t in g  th a t  wild iso la te  try p o m a s tig o te s  th a t  a d h e re d  d u r in g  th is  
p e rio d  (6 to  8 h r)  becam e ra p id ly  in te r io r iz e d . In  c o n tra s t ,  th e  
num ber of Tc-D try p o m a s tig o te s  seen  to  be a d h e re d  to  ce lls  rem ained  
e lev a ted  b ecau se  of th e  slow er in te r io r iz a tio n  ra te .  In  fa c t, th e  
in te r io r iz a tio n  of T c -0  a n d  Tc-A try p o m as tig o te  w as so ra p id  and  
com plete u p  to  8 h r ,  t h a t  th e  m edia becom es d e p le ted  of 
try p o m a s tig o te s  leav in g  few  to  a d h e re  to  cells. T h e re  a re
se v e ra l im plica tions o f th e  d iffe re n c e s  an d  s im ila ritie s  be tw een  
a d h e re n c e  an d  in te r io r iz a tio n  ra te s  of Tc-D an d  th e  w ild iso la tes . 
F irs tly , i t  can  be s u g g e s te d  th a t ,  b ecau se  th e  try p o m as tig o te  
a d h e re n c e  r a te  was n o t s ig n if ic a n tly  d if fe re n t  be tw een  th e  th re e
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iso la te s  d u r in g  th e  f i r s t  6 h r ,  th e re  w as a sim ilar d e g re e  of h o s t 
cell re c o g n itio n  be tw een  iso la te s , an d  th a t  try p o m a s tig o te s  of all 
iso la te s  d isp la y ed  sim ilar r e c e p to r - l ig a n d  b in d in g  k in e tic s . 
R ecognition  be tw een  T. c ru z i try p o m a s tig o te s  a n d  h o s t ce lls  h a s  been  
show n to  be a  n e c e s s a ry  p r e - r e q u is i te  fo r  cell in v a s io n  (S n a ry , 
1985), an d  th a t  h o s t cell s u r fa c e  f ib ro n e c tin  (O uaissi e t  a l.. 1984; 
O uaissi e t  a l.. 1985: W irth a n d  K ierszenbaum , 1984) a n d  /  o r  co llagen  
(Velge e t  a l.. 1988) in te r a c ts  w ith  r e c e p to r s  on try p o m a s tig o te s  to  
m ediate ce ll a tta ch m en t. I t  is  like ly  th a t  th e  th r e e  iso la tes  
d e sc r ib e d  in  th is  p a p e r  u n d e rg o  th is  re co g n itio n  to  th e  same d eg ree . 
S econd ly , th e  fa c t  th a t  w ild iso la te  try p o m a s tig o te s  can  ach iev e  an  
in tra c e l lu la r  p o sitio n  f a s te r  th a n  Tc-D try p o m a s tig o te s  has 
im plica tions in  th e i r  in  v iv o  s u rv iv a l ab ility . The a b ility  to  become 
in te rn a liz e d  in to  a  cell q u ick ly  a f te r  in fec tio n  w ould e ffe c tiv e ly  
rem ove th e  o rgan ism  from  th e  e f fe c ts  of th e  h o s ts  n o n -sp e c if ic  immune 
re s p o n se , th u s  in c re a s in g  th e  p a ra s i te s  s u rv iv a l a b ility . F u r th e r  
s tu d ie s  a re  r e q u ire d  to  a s s e s s  if th e s e  in v itro  d if fe re n c e s  re f le c t  
in  v ivo  s u rv iv a l ab ility  fo r  th e se  th re e  iso la tes .
L ittle  in fo rm ation  is  av a ilab le  on th e  am astigo te  an d  ep im astigo te  
d o u b lin g  tim es of o th e r  T. c ru z i iso la tes . H ow ever, d a ta  h as  been  
p u b lish e d  fo r  c lones (D vorak, 1984). G row th r a te s  o f T. c ru z i  c lones 
in  BESM cells  p o s itiv e ly  c o rre la te d  w ith  th o se  in  LIT medium (D vorak, 
1984). R esu lts  p re s e n te d  h e re  s u g g e s ts  a  n e g a tiv e  c o rre la tio n  betw een  
g ro w th  r a te s  in  LIT medium an d  Vero cell c u ltu re . The do u b lin g  tim es 
of o u r  iso la te s  do, how ever, fa ll w ith in  th e  g e n e ra l b ro a d  ra n g e s  
d e sc rib e d  fo r  c lones (D vorak, 1984).
The m arked  d iffe re n c e s  in  p ro te in  p ro f ile s  be tw een  th e  Tc-D
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iso la te  an d  w ild iso la te s  s u p p o r ts  th e  b asic  d if fe re n c e s  found  
betw een  th e  iso la te s  in  in  v i t r o  g ro w th  p a ra m e te rs . The d iffe re n c e s  
be tw een  th e  p ro te in  p ro f ile s  s u g g e s te d  th a t  th e re  may a lso  be 
d if fe re n c e s  b e tw een  g ro u p s  of sp ec ific  p ro te in s , su c h  a s  isoenzym es, 
an d  th a t  Tc-D a n d  th e  w ild iso la te s  may be d if f e r e n t  zym odem es.
Zymodeme p ro f ile s  a re  u se d  a s  a  b a s is  fo r  taxonom ic 
c la ss if ic a tio n  of T. c ru z i  (World H ealth  O rg an iza tio n , 1978). 
T rypanosom a c ru z i iso la te s  from  S o u th  America h av e  b een  g ro u p e d  in  
th re e  main zym odem es (Z l, Z2, Z3) a lth o u g h  v a r ia tio n s  h av e  been
re p o r te d  w ith in  th e s e  g ro u p s  e sp ec ia lly  Z2 (World H ealth 
O rg an iza tio n , 1978). T h is r e p o r t  is  th e  f i r s t  d e ta ilin g  zymodem es 
from  N orth  Am erican w ild life , a n d  a  dog. The f in d in g  th a t  T c -0  is  Zl 
is  c o n s is te n t  w ith  th e  r e p o r ts  from  S o u th  America w h ere  Zl is  a lso  
fo u n d  in  opossum s. The f in d in g  of a  Zl T. c ru z i iso la te  in  an  
arm adillo  v a ry s  from  f in d in g s  from  S o u th  Am erica w ere  Z3 is  u n u su a l 
found  in  arm adillos (Miles, 1983). The T. c ru z i iso la ted  from  th e  
la s t  re p o r te d  hum an case  in  N orth  Am erica (Navin e t  a l.. 1985) an d  
from  a v e c to r  (T riatom a s a n g u is u g a ) from  F lo rid a  (B eard  e t  al.. 1988) 
w ere  ty p e d  a s  Zl. A lth o u g h  re c e n t  r e p o r ts  s u g g e s t  th a t  th e  
c o rre la tio n  be tw een  zymodem e ty p e s  a n d  d isea se  sy n d ro m es  c au se d  by  T. 
c ru z i a re  no t a b so lu te , th e  p re s e n c e  of Zl T. c ru z i w ith in  th e  wild 
mammalian p o p u la tio n  r a is e s  im p o rta n t p u b lic  h e a lth  q u e s tio n s  an d  
a d d s  f u r th e r  s u p p o r t  to  th e  su g g e s tio n  th a t  N orth  A m erican T. c ru z i 
iso la tes  may be p a th o g en ic  to  man. The d iffe re n c e  betw een  th e  
zym odem es of Tc-D an d  th e  wild iso la te s  s u g g e s ts  th a t  th e y  a re  no t 
invo lved  in a common tra n sm iss io n  cycle . H ow ever, Tc-D is  an  u n u su a l 
can ine  iso la te  in th a t  i t  d id  n o t p ro d u c e  th e  ty p ic a l clinical
70
sy n d ro m e p re v io u s ly  d e sc r ib e d  in  dogs from  N orth  Am erica (B arr e t  
a l.. 1986) an d  th e re fo re  may n o t r e p r e s e n t  th e  ty p ic a l iso la te  more 
commonly a ffe c tin g  d ogs in  N orth  A m erica. T he d iss im ila rity  of th e  
Tc-D zymodeme from  th e  w ild iso la te s  a n d  re fe re n c e  s to ck  iso la te s  is 
an  in d ica tio n  th a t  m ark ed  h e te ro g e n e ity  o c c u rs  be tw een  T. c ru z i 
iso la te s  in  N orth  Am erica a s  h a s  b een  re p o r te d  in  iso la te s  from  S ou th  
America (Miles, 1983). H ow ever, m ore e x ten s iv e  zymodem e ty p in g  of 
N orth  A m erican T. c ru z i iso la te s  from  wild h o s ts , v e c to r s , a n d  dogs 
from  N orth  Am erica is  r e q u ire d  b e fo re  th e  ep izoo tio logy  of T. c ru z i 
in  N orth  A m erica is  fu lly  u n d e rs to o d .
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FIGURES LEGENDS 
F ig u re  1. C om parison of th e  k in e tic s  of try p o m a s tig o te s  n u m b ers  
a d h e re d  (Fig. la )  an d  in te r io r iz e d  (F ig. lb )  p e r  200 Vero cells
(m.o.i. = 5) be tw een  T c -0  (®-------*), Tc-A («---•), a n d  Tc-D (* o) T.
c ru z i iso la tes . Total ce ll a s so c ia te d  p a ra s i te s  (a d h e re d  and
in te r io r iz e d )  w ere  d e te rm in e d  b y  c o u n tin g  p a ra s i te s  in  PBS tr e a te d  
ce lls , in te r io r iz e d  p a ra s i te s  w ere  d e te rm in ed  b y  c o u n tin g  p a ra s i te s  
w ith in  ce lls  a f te r  a d h e re d  p a ra s i te s  had  b een  ly sed  w ith  w a te r  an d  
rem oved b y  PBS w ash in g , a n d  n u m b ers  of a d h e re d  p a ra s i te s  w ere  
d e te rm in ed  from  th e  d if fe re n c e  b e tw een  to ta l  cell a sso c ia te d  an d  
in te r io r iz e d  p a ra s ite s . D ata a re  p re s e n te d  a s  th e  mean n u m b er of 
p a ra s i te s  + SE p e r  200 in fe c te d  V ero cell.
F ig u re  2. A m astigote d iv is io n  in  (Fig. 2a) a n d  n u m b ers  of
try p o m a s tig o te s  re le a se d  from  (F ig. 2b) Vero ce lls  (m.o.i. = 1) fo r
T c-0  (•------- «), Tc-A (•----- -#), a n d  Tc-D (• •  ) T. c ru z i iso la tes .
Data a re  p re s e n te d  a s  th e  m ean n u m b ers  of am as tig o te s  ± SE p e r  
in fe c ted  cell o r  mean n u m b er of try p o m a s tig o te s  p e r  ml of medium +
SE.
F ig u re  3. E p im astigo te  g ro w th  r a te s  of T c -0  («------ # ), Tc-A (•-------- #),
a n d  Tc-D (♦ — «)  T. c ru z i iso la te s  in  LIT medium. D ata a re  p re s e n te d  
a s  mean n u m b ers  of p a ra s i te s  p e r  ml of medium ± SE.
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F ig u re  4. P ro te in  a n a ly s is  o f th r e e  T. c ru z i iso la te s  u s in g  
p o lyacry lam ide  gel e le c tro p h o re s is  u n d e r  re d u c in g  co n d itio n s  (SDS- 
PAGE). Lane 1, Tc-D; lan e  2, T c -0 ; lane  3, Tc-A. The re la tiv e
m ig ration  of m olecular w e ig h t s ta n d a rd s  (X 1,000) a re  in d ic a ted  to  
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CHAPTER 4
INFECTIONS OF INBRED MICE WITH THREE 
TRYPANOSOMA CRUZI ISOLATES FROM LOUISIANA MAMMALS
S te p h e n  C. B a rr , C orrie  B row n, Vida A. D ennis, Thom as R. Klei
To be su b m itte d  to  th e  Jo u rn a l of P a ra s ito lo g y
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ABSTRACT: T rypanosom a c ru z i iso la te s  from  a  dog (Tc-D), opossum  (Tc- 
0 ), an d  an  arm adillo  (Tc-A) from  L ou isiana  w ere  in o cu la ted  in to  six 
in b re d  m ouse s tr a in s .  None of th e  iso la te s  p ro d u c e d  fa ta l in fec tio n s  
in  th e  m ouse s t r a in s  te s te d .  P a ras item ias  w ere  q u a n tif ie d  o v e r  34 
d a y s  a n d  fo u n d  to  be sim ilar in  m ouse s t r a in s  in fe c te d  w ith  T c -0  an d  
Tc-A. P a ra s item ias  in  Tc-D in fe c te d  mice w ere  on ly  d e te c ta b le  by  
blood c u ltu re .  P se u d o c y s t n u m b e rs , in flam m atory  c h an g e s  a n d  w e ig h t 
c h a n g e s  w ere  q u a n tif ie d  in  CF1 mice in fe c te d  w ith  th e  3 iso la te s . T c- 
0  a n d  Tc-A in fe c ted  CF1 mice w ere  show n to  be  m yotrop ic , p ro d u c e d
com parab le  w e ig h t in c re a s e s , p s e u d o c y s t n u m b e rs , an d  in flam m atory  
c h a n g e s  in  sim ilar t is s u e s . T issu es  fo u n d  to  c o n ta in  p s e u d o c y s ts  w ere  
m uscles of th e  b la d d e r , abdom inal wall, th ig h , h e a r t  an d  d iaph ragm . 
C linical s ig n s  of in fe c tio n , p s e u d o c y s t n u m b e rs  an d  in flam m atory
c h a n g e s  w ere  minimal in  Tc-D in fe c te d  CF1 mice. T issu e  tro p ism  of
th is  iso la te  w as n o t d e te rm in ed . The in  v ivo  in fe c tiv ity
c h a r a c te r is t ic s  of th e se  iso la te s  s u g g e s ts  th a t  T c -0  an d  Tc-A a re  
sim ilar a n d  d if fe r  m ark ed ly  from  Tc-D.
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In  1909, C arlos C hagas d e sc r ib e d  a  p ro to zo an  zoonosis in  c e n tra l  
B razil c au se d  b y  T rypanosom a c ru z i (C hagas, 1909). E a rly  w o rk e rs  
re c o g n ize d  th a t  T. c ru z i iso la te s  from  hum an p a t ie n ts  w ith  C h ag as’ 
d isea se , in s e c t  v e c to r s  an d  re s e rv o i r  h o s ts  d isp la y ed  m arked  
v a ria tio n  in  b io logical b e h a v io r  (V ianna, 1911; Villela a n d  T o rre s ,
1926; Cam pos, 1927). One m ethod u s e d  to  s tu d y  th is  v a r ia tio n  w as to  
c h a ra c te r iz e  d if f e r e n t  iso la te s  o f T. c ru z i b a se d  on in fe c tiv ity , 
v iru le n c e  a n d  t is s u e  tro p ism  in  in b re d  la b o ra to ry  mice (M azzotti, 
1940; T a lia fe rro  a n d  P izzi, 1955; W atkins, 1966; Zeledon a n d  Ponce, 
1972). More re c e n tly , th e  m urine  model h a s  b een  u se d  to  c h a ra c te r iz e  
T. c ru z i c lo n es  from  a common so u rc e  (P o stan  e t  a l., 1983, 1986). As 
d if fe re n c e s  in  v iru le n c e  an d  t is s u e  tro p ism  a f fe c t  th e  c lin ical 
d isea se  p ro d u c e d  by  a  T. c ru z i in fec tio n , i t  is  im p o r ta n t to  docum ent 
th is  in fo rm ation  fo r s t r a in s  iso la ted  in ep idem iological s tu d ie s  
(M aekelt, 1966; W atkins, 1966). Also, tra n sm iss io n  e x p e rim en ts  of a 
new try p an o so m e  iso la te  to  mice a re  of v a lu e  in  d e te rm in in g  if in 
fa c t th e  iso la te  is  T. c ru z i an d  n o t some o th e r  sp ec ie s . F o r exam ple,
T. ra n g e li is  o fte n  sy m p atric  in  m any re g io n s  w ith  T. c ru z i an d  may 
be fo u n d  in  c irc u la tio n  c o n c u r re n t ly  w ith  T. c ru z i in  v e r te b r a te  
h o s ts . H ow ever, T. ra n g e li  does n o t m u ltip ly  in tra c e l lu la r ly  in 
v e r te b r a te  h o s t t i s s u e s  (Anez, 1955). T h u s , tra n sm iss io n  to  
la b o ra to ry  mice is  a  c o n v en ie n t m ethod to  he lp  d if fe re n tia te  be tw een  
iso la tes .
Few N orth  A m erican T. c ru z i iso la te s  from  wild h o s ts  have 
b een  ex ten s iv e ly  s tu d ie d  in  a  c o n tro lled  m an n er u s in g  animal 
in o cu la tio n s. Some ex p erim en ta l in fe c tio n s  h av e  b een  c o n d u c te d  in 
g o a ts , c a lv es , p ig s , lam bs (Diamond an d  R ubin, 1958) an d  dogs (Goble,
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1958). O th e rs  com pared  th e  m orphology an d  v iru le n c e  in  mice of 
s e v e ra l T. c ru z i  iso la te s  from  wild h o s ts  co llected  from  th e  s o u th e rn  
U nited  S ta te s  w ith  hum an s t r a in s  iso la ted  from  S o u th  A m erica (B rooke 
e t  al., 1957; M cKeever e t  a l., 1958; Norman e t  a l., 1959; K agan e t  
a l., 1966). Many o th e r s  h av e  in o cu la ted  T. c ru z i iso la te s  re c o v e re d  
from  v e c to rs  a n d  w ild anim al h o s ts  in  N orth  A m erica in to  la b o ra to ry  
mice of mixed ag e  an d  b re d  a s  a  m eans of iso la tin g  a n d  id e n tify in g  
th e  o rg an ism s a s  T. c ru z i  (P ack ch an ian , 1939; W alton e t  a l., 1958; 
O lsen e t  a l., 1964; B u rk h o ld e r e t  ah , 1980; B arr e t  a l., 1986; Jo h n  
an d  Hoppe, 1986; Y aeger, 1988). H ow ever d e ta iled  s tu d ie s
c h a ra c te r iz in g  th e s e  iso la te s  have  n o t b een  re p o r te d . N a tu ra l c a se s  
of can in e  try p a n o so m ia s is  have  b een  p re v io u s ly  r e p o r te d  in  N orth 
Am erica (Williams e t  al., 1977; S n id e r  e t  a l., 1980; B a rr  e t  al.,
1986; Fox e t  ah , 1986). H ow ever, th e  try p a n o so m es  iso la ted  from 
th e se  c a se s  have  n o t b een  c h a ra c te r iz e d  o r  com pared  to  iso la te s  from  
wild h o s ts .
In  th is  s tu d y , we com pare th e  c o u rse  o f in fe c tio n  o f T. c ru z i 
iso la te s  from  a n a tu ra lly  in fe c te d  dog, opossum  a n d  arm adillo  from  
L ou isiana  in  six in b re d  m ouse s t r a in s .  F u r th e rm o re , we d e ta il th e  
c lin ical d isea se , p a th o lo g y , a n d  t is s u e  tro p ism  of th e  3 T. c ru z i 
iso la tes  in  one of th e  m ouse s t r a in s .  T h is d a ta  is  com pared  to  
p re v io u s ly  r e p o r te d  d a ta  of in fe c tio n s  in  mice u s in g  N orth  Am erican 
an d  S o u th  A m erican T. c ru z i  iso la te s .
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MATERIALS AND METHODS
P a ra s i te s : The 3 T. c ru z i iso la te s  w ere  re c o v e re d  from  a dog 
(Tc-D), an  arm adillo  (Tc-A) a n d  an  opossum  (T c-0 ) from  L ouisiana an d  
m ain ta ined  in  o u r  la b o ra to ry  a s  p re v io u s ly  d e sc r ib e d  (B a rr  e t  a l., 
1986; B a rr  e t  a l., -  C h a p te r  1). B rie fly , T. c ru z i  w ere  in itia lly  
iso la ted  a n d  m ain tenance  in  A frican  G reen  M onkey K idney (Vero) cell 
c u ltu re . T ry p o m astig o tes  re c o v e re d  from  th e s e  c u l tu re s  w ere  
c ry o p re s e rv e d  a t  m inus 70°C. Iso la te s  w ere  u se d  in  th e s e  ex p erim en ts  
w ith in  12 m onths of in itia l iso la tion  o r  re c o v e ry  from 
c ry o p re se rv a tio n . In  th e  la te r  case , p a ra s i te s  w ere  r e -e s ta b lis h e d  in 
cell c u l tu re  an d  u sed  w ith in  1 m onth  of rem oval from  s to ra g e . 
T ry p o m astig o te s  h a rv e s te d  from  Vero cell c u l tu re s  w ere  u sed  fo r all 
in fe c tio n s  a t  a  c o n c e n tra tio n  of 1 X 107 try p o m a s tig o te s  p e r  
m illilite r in  Eagle Minimum E ssen tia l Media (MEM; GIBCO, G rand 
Is la n d , New York) su p p lem en ted  w ith  10% h e a t in a c tiv a te d  (56°C, 30 
m inu tes) fe ta l calf serum  (FCS), 100 IU of p en ic illin  an d  100 ug  of 
s tre p to m y c in , and  0.25 u g  of am p h o te ric in -B  (Gibco) p e r  ml of m edia 
(a n tib io tic s ) .
A nim als: F our in b re d  s t r a in s  of mice w ere  p u rc h a se d  from  
H arlan  S p ra g u e  Dawley, In c ., In d ian ap o lis , In d ia n a  (C3H, CF1, C57B1, 
an d  B alb /c) an d  2 from  C h arles  R iver L ab o ra to rie s  In c ., W illmington, 
M assa c h u se tts  (CFW an d  CD1). Male mice ag ed  5 to  6 w eeks w ere u sed . 
Mice in fe c te d  w ith  d if fe re n t  T. c ru z i iso la te s  w ere  housed  
s e p a ra te ly . Mice w ere  k e p t in  g ro u p s  of 3 to  6 u n d e r  co n tro lled  
lig h tin g  co n d itio n s  (12 h r  cy c le s ). T hey re c e iv e d  w a te r  an d  food ad
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lib  an d  k e p t on wood ch ip  b e d d in g . Mice w ere  in fe c te d  in tra p e r ito n e a l 
(IP) in to  th e  r ig h t  cau d a l q u a d ra n t  o f th e  abdom inal c a v ity  w ith 1 X 
106 try p o m a s tig o te s  in  0.1 ml MEM from  one of th e  3 T. c ru z i 
iso la tes . C o n tro ls  re c e iv e d  0.1 ml o f MEM IP  alone.
P a ras item ias  a n d  m o rta lity : Mice w ere  g ro u p e d  in to  3 g ro u p s  
co n ta in in g  60 mice each . Each g ro u p  co n ta in ed  10 mice from  each  of 
th e  6 in b re d  s tra in s . Six mice o f e ach  s t r a in  w ere  random ly  se lec ted  
an d  in fe c ted  w ith  1 of th e  3 T. c ru z i iso la te s . F o u r mice ac ted  as  
u n in fe c te d  co n tro ls . P a ra s item ias  w ere  d e te rm in ed  e v e ry  th ir d  day  
p o s t in fec tio n  (PI) u s in g  th e  q u a n tita tiv e  th ic k  sm ear p ro c e d u re  as 
p re v io u s ly  d e sc r ib e d  (R oberson  e t  a l., 1973). As a  m eans of a s se s s in g  
g e n e ra l h e a lth  of th e  mice, th e i r  p h y s ic a l co n d itio n  w as su b je c tiv e ly  
a s s e s s e d  on a daily  b a s is  a n d  th e i r  w a te r  in ta k e  m onito red  daily . 
Mice w ere w eighed  in  g ro u p s  of 6 in fe c te d  anim als of each  s tra in  and  
g ro u p s  of 4 c o n tro ls  of each  s t r a in  a t  th e  tim e of in fec tio n  and  
e v e ry  th i r d  day. M orta lity  w as re c o rd e d  daily  th ro u g h o u t th e  
experim en ta l p e rio d . At th e  te rm in a tio n  of th e  ex p erim en t, 0.5 ml of 
ca rd iac  blood from  3 mice of each  s t r a in  w as in o cu la ted  in to  LIT 
m edia (Logan an d  H anson, 1974) su p p lem en ted  w ith  FCS an d  an tib io tic s . 
The c u ltu re s  w ere  exam ined m icroscop ica lly  m onth ly  fo r  3 m onths fo r 
p a ra s ite  g row th .
H istopatho logy  an d  w e ig h ts : F if ty - fo u r  CF1 mice w ere  d iv id ed  
in to  18 g ro u p s  of 3 mice each  so th a t  each  g ro u p  w as of sim ilar to ta l 
w eigh t. G roups of mice w ere  h o u sed  s e p a ra te ly  th ro u g h o u t th e  
experim en ta l p e rio d . Five g ro u p s  w ere each  in fe c ted  w ith  1 of th e  3
88
T. c ru z i iso la te s  an d  3 g ro u p s  a c te d  a s  u n in fe c te d  c o n tro ls . Mice 
w ere  w eighed  in  g ro u p s  p r io r  to  in fe c tio n  a n d  on  d a y s  9, 12, 15, 17, 
21, 27, an d  34. P a ra s item ias  w ere  d e te rm in ed  u s in g  th e  th ic k  sm ear 
m ethod e v e ry  th i r d  day . On d a y s  12, 15, 21, a n d  34, a  g ro u p  of mice 
in fe c te d  w ith  each  iso la te  w ere  e th e r  a n e s th n e tiz e d  a n d  e x sa n g u in a ted  
b y  c a rd ia c  b leed in g . Blood w as ta k e n  fo r  T. c ru z i c u l tu re  in  LIT and  
serum  to ta l  p ro te in  w as e s tim ated  u s in g  a  re fra c to m e te r . Serum  
a lbum in  w as m easu red  u s in g  th e  e le c tro p h o re tic  m ethod a s  p re v io u s ly  
d e sc r ib e d  (Kaneko, 1980). All c o n tro l mice w ere  t r e a te d  in  a  sim ilar 
fa sh io n  on day  34.
A fte r o p en in g  th e  th o ra c ic  a n d  abdom inal c a v it ie s , th e  e n tir e  
c a rc a s s  w as fixed in  10% b u ffe re d  form alin . R e p re se n ta tiv e  p ieces  of 
th e  l iv e r , lu n g , h e a r t ,  b la d d e r , duodenum , d iap h rag m , th ig h  m uscle, 
k id n e y , sp leen , a d re n a l, c e reb ru m , cerebe llum , sp in a l co rd , and  
abdom inal wall t is s u e s  in c lu d in g  th e  sk in  an d  m u scu la tu re  w ere 
em bedded  in  g lycol m e th ac ry la te . C are w as ta k e n  to  o b ta in  sec tio n s  
from  th e  same a re a  of each  o rg a n . S ec tio n s  w ere  s ta in e d  w ith 
hem atoxylin  an d  eosin . All t i s s u e s  w ere  exam ined b y  a  p a th o lo g is t who 
was u n aw are  of th e  in fe c tio n  s ta tu s  of th e  t is s u e s . The num b er of 
c y s ts  w as q u a n tif ie d  fo r  each  t is s u e  by  c o u n tin g  th e  n u m b er of c y s ts  
in  10 random  h ig h  pow er f ie ld s  (X400, HPF) p e r  sec tio n . Inflam m ation 
w as s u b je c tiv e ly  g ra d e d  an d  sco red  from  0 to  4 b a sed  on s e v e r ity . A 
sco re  of 0 in d ic a ted  norm al tis su e ; a  sco re  of 1 in d ic a te d  1 o r  le ss  
foci of in flam m atory  cells  p e r  fie ld  (400X); a  sco re  of 2 in d ic a ted  >
1 foci p e r  fie ld , foci becom ing la rg e r  an d  more d issem in a ted  a s  th e y  
co n ta in  m ore inflam m atory  cells; a  sco re  of 3 in d ic a ted  d iffu se  
co alesc in g  foci o r  d issem in a ted  inflam m ation o v e r  m ost of th e
sec tio n , minimal cell n e c ro s is  o r  edem a, w ith  re te n tio n  of norm al 
t is s u e  in te g r i ty ;  a  sco re  of 4 in d ic a te d  d iffu se  inflam m ation w ith  
s e v e re  t is s u e  n e c ro s is , in te r s t i t ia l  edem a, a n d  h e m o rrh ag e , r e s u lt in g  
in  lo ss  of t is s u e  in te g r i ty .  The re la tio n sh ip  b e tw een  inflam m atory  
foci a n d  p s e u d o c y s ts  w as n o ted . The p re s e n c e  o r  a b se n c e  
su b c u ta n e o u s  edem a w as n o ted  in  th e  abdom inal wall sec tio n s .
S ta tis t ic s . S tu d e n t’s t - t e s t  w as u se d  a s  th e  m ethod of 
d e te rm in in g  s ta t is t ic a l  s ig n if ic a n ce . D iffe ren ces  w ere  s ta te d  as  
s ig n if ic a n t a t  th e  0.05 p ro b a b ility  level.
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RESULTS
P aras item ia . w e ig h ts  a n d  m o rta lity . A d v e rse  c lin ical 
r e s p o n s e s  w ere  n o t see n  in  a n y  in fe c te d  m ouse s t r a in s .  H ow ever, CF1 
mice show ed a  p e rio d  of m arked  w e ig h t ga in . P a ra s item ias  in  Tc-D 
in fe c te d  mice cou ld  n o t be d e te c te d  b y  th e  th ic k  sm ear m ethod. 
H ow ever, p a ra s ite m ia s  in  Tc-D in fe c te d  mice cou ld  be d e m o n stra ted  by  
h em o cu ltu re  fo r  all s t r a in s  of mice. P a ra s item ias  cou ld  be d e te rm in ed  
u s in g  th e  th ic k  sm ear m ethod in  m ouse s t r a in s  in fe c te d  w ith  T c -0  and  
Tc-A iso la te s . H ow ever, th e  lev e l of p a ra s ite m ia  a n d  p e rc e n t  of mice 
in fe c te d  in  each  m ouse s t r a in  w ere  m ouse s t r a in  a n d  th e  iso la te  
d e p e n d e n t (T able 1). G enera lly , p a ra s ite m ia s  w ere  d e te c ta b le  in  a 
h ig h e r  p e rc e n ta g e  of Tc-A in fe c te d  mice p e r  m ouse s t r a in  th a n  in  T c-0  
in fe c te d  mice (Table 1). The p eak  mean p a ra s ite m ia  in  th o se  mice in 
w hich  p a ra s ite m ia s  cou ld  be d e te rm in ed  w as g e n e ra lly  h ig h e r  in  Tc-A 
in fe c te d  mice th a n  in  T c -0  in fe c te d  mice (T able 1). H ow ever, th is  
d iffe re n c e  w as n o t s ta t is t ic a lly  s ig n if ic a n t (P < 0.05). P a ras item ias  
g e n e ra lly  w ere  d e te c ta b le  e a r l ie r  a n d  fo r  a  lo n g e r  p e rio d  in  Tc-A 
in fe c ted  mice th a n  in  T c -0  in fe c te d  mice w ith in  each  m ouse s t r a in  
(Fig. 1).
Tem poral in c re a s e s  in  w e ig h t seen  in  CF1 mice in fe c te d  w ith  
e i th e r  T c -0  o r Tc-A a re  show n in  f ig u re  2. W eight in c re a s e s  as 
d e te rm in ed  fo r  each  g ro u p  of CF1 mice co in cid ed  w ith  a  g e n e ra l 
in c re a s e  in  body  size  an d  th e  developm en t of su b c u ta n e o u s  edem a o v e r 
th e  e n tir e  body  (Fig. 3). Mean w e ig h t c h a n g e s  in  mice in fe c te d  w ith  
T c -0  o r  Tc-A c o rre la te d  c lo se ly  w ith  c h a n g e s  in  to ta l p se u d o c y s t 
n u m b ers  in  t is s u e s  o v e r  tim e ( r  = 0.98). As mice in c re a s e d  in  w eigh t,
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th e y  becam e p ro g re s s iv e ly  m ore s lu g g ish  an d  e a s ie r  to  c a tc h  b u t 
m ain ta ined  th e i r  a p p e ti te s  a n d  w a te r  in ta k e . By day  28 PI, all mice 
a p p e a re d  norm al a n d  th e i r  w e ig h ts  had  r e tu r n e d  to  co n tro l lev e ls  
(Fig. 2). Serum  album in  lev e ls  in  in fe c te d  mice d id  n o t d iffe r  
s ig n if ic a n tly  from  co n tro l lev e ls .
H is to p a th o lo g y . Of th e  t i s s u e s  exam ined h is to lo g ica lly  from  
th e  CF1 mice, th e  m ost s ig n if ic a n t f in d in g s  w ere  in  th e  m uscles of 
th e  b la d d e r , abdom inal wall, th ig h , h e a r t  a n d  d iap h rag m . T rypanosom a 
c ru z i p s e u d o c y s t n u m b ers  a n d  in flam m ato ry  le s io n s  w ere  q u a n tif ie d  in  
th e se  five  t is s u e s . The to ta l n u m b er of p s e u d o c y s ts  fo u n d  in  th e  
m uscles of th e s e  t i s s u e s  p e r  m ouse d u r in g  th e  time c o u rse  of 
in fec tio n  fo r  each  T. c ru z i iso la te  a re  show n in  F ig u re  4. P se u d o c y s t 
n u m b ers  in  t i s s u e s  follow sim ilar k in e tic s  in  Tc-A an d  T c -0  in fe c ted  
mice. T issu es  co n ta in ed  maximal n u m b ers  by  d ay  15 PI, d e c re a s in g  to  
minimal n u m b ers  b y  day  34 PI. F u r th e rm o re , th e  n u m b ers  of p s e u d o c y s ts  
fo u n d  in  th e  5 o rg a n s  a re  sim ilar in  Tc-A a n d  T c -0  in fe c te d  mice, 
w ith  th e  b la d d e r  show ing th e  h e a v ie s t p a ra s i te  b u rd e n  (F ig. 5). 
O ccasional p s e u d o c y s ts  a n d  in flam m atory  le s io n s  w ere  fo u n d  in  o th e r  
t i s s u e s  su ch  a s  th e  k id n e y , sp lee n , duodenum  a n d  l iv e r  b u t  in  v e ry  
low n u m b ers  (< 0.1 p e r  sec tio n ). Only one p s e u d o c y s t w as fo u n d  in  th e  
t is s u e s  (b la d d e r)  o f a Tc-D in fe c te d  m ouse a n d  th is  w as n o t 
a sso c ia te d  w ith  inflam m ation.
Inflam m atory  le sio n s  in  th e  m uscle w ere  m orphologically  
s im ilar b u t  of d if f e r e n t  s e v e r i ty  d e p en d in g  on th e  t i s s u e s  exam ined 
a n d  p a ra s i te  iso la te . T yp ica lly , an  inflam m atory  lesion  w as focal an d  
co n ta in ed  a g g re g a te s  (20 -  70 ce lls) of inflam m atory  ce lls  w ith in  th e
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in te rs ti t iu m  o r  re p la c in g  n e c ro tic  m yofibers . M acrophages and  
ly m p h o cy tes  w ere th e  p re d o m in an t cell ty p e s  a lth o u g h  n e u tro p h ils  w ere 
occasionally  p re s e n t .  The le sio n s  g iv en  th e  h ig h e s t  s c o re s  also  
co n ta in ed  edem a an d  ev id en ce  of m yofiber n e c ro s is . A lthough  most 
t is s u e s  exam ined had  inflam m atory  le s io n s , th e  m uscles of th e  
b la d d e r , abdom inal wall, th ig h , h e a r t  a n d  d iap h rag m  had  96% of th e  
to ta l in flam m atory  c h a n g e s  a s  in d ic a te d  b y  lesio n  sc o re s . F ig u re  6 
show s th e  k in e tic s  of th e  to ta l in flam m atory  lesion  s c o re s  in  th e se  
t i s s u e s  d u r in g  th e  tim e c o u rse  o f in fe c tio n  p e r  CF1 m ouse in fec ted  
w ith  each  T. c ru z i iso la te . The k in e tic s  of inflam m ation in  Tc-A and  
T c -0  in fe c te d  mice show  sim ilar in c re a s e s  u n til  d ay  21 PI w hen sco re s  
p eak ed . Lesion sc o re s  from  Tc-D in fe c ted  mouse t is s u e s  a lso  peaked  a t 
day  21 PI b u t  w ere  c o n s id e ra b ly  low er th a n  sc o re s  from  Tc-A an d  T c-0  
in fe c ted  mice. F u r th e rm o re , th e  s e v e r i ty  of inflam m ation in  specific  
t is s u e s  from  mice in fe c te d  w ith  Tc-A an d  T c -0  T. c ru z i iso la te s  was 
sim ilar w ith  th e  th ig h  show ing th e  h ig h e s t  s c o re s  (F ig. 7). Lesion 
sc o re s  w ere  s ig n if ic a n tly  low er in  t is s u e s  from  Tc-D in fe c te d  mice 
an d  some, in c lu d in g  th e  h e a r t ,  duodenum  an d  lu n g , w ere  u n a ffe c ted . In 
c o n tra s t ,  mice in fe c te d  w ith  th e  w ild iso la te s  had  inflam m atory  
le s io n s  in  all t i s s u e s  e x cep t th e  lu n g , a n d  w ere  m ost n u m ero u s in  th e  
b la d d e r , th ig h  a n d  abdom inal wall m uscles. H eart t is s u e s  had low 
lesion  sc o re s  w ith  b o th  c a rd iac  v e n tr ic le s  a ffe c te d  w ith
app ro x im ate ly  eq u a l f re q u e n c y . T h e re  w as e v id en ce  o f su b cu ta n e o u s  
edem a in  10 of 15 mice in fe c te d  w ith  Tc-A an d  8 of 15 mice in fec ted  
w ith  T c -0  T. c ru z i iso la te s . The edem a w as accom panied by
inflam m ation of th e  a d ja c e n t  body  wall m u scu la tu re .
G enera lly , t is s u e s  c o n ta in in g  th e  g r e a te s t  n u m b ers  of
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p s e u d o c y s ts  (b la d d e r , abdom inal wall an d  th ig h )  a lso  p ro v id e d  th e  
h ig h e s t  lesion  sco re s . P se u d o c y s t d e n s ity  a n d  in flam m atory  lesion  
sc o re s  from  in d iv id u a l t is s u e s  w ere  n o t p o s itiv e ly  c o rre la te d . F or 
exam ple, a lth o u g h  th ig h  m uscles from  T c -0  in fe c te d  mice h ad  a  
re la tiv e ly  h ig h  m ean lesio n  sco re , th e  p s e u d o c y s t n u m b ers  in  th is  
t is s u e  w as re la tiv e ly  low. Also, a lth o u g h  p s e u d o c y s ts  cou ld  n o t be 
v isu a lized  in  th e  abdom inal wall, th ig h  o r  d iap h rag m  m uscles from  T c- 
D in fe c te d  mice, th e s e  t i s s u e s  c o n ta in ed  inflam m atory  le s io n s . T issu e  
lesion  sc o re s  a n d  mean p a ra s ite m ia s  in  T c -0  an d  Tc-A in fe c te d  mice 
w ere  p o s itiv e ly  c o rre la te d  ( r  = 0.99).
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DISCUSSION
This r e p o r t  d e sc r ib e s  th e  c o u rse  o f in fec tio n  of th r e e  T. 
c ru z i iso la te s  from  wild a n d  dom estic N orth  A m erican h o s ts  in  6 
in b re d  m ouse s tr a in s . The T. c ru z i iso la te s  from  th e  arm adillo  an d  
opossum  (wild iso la te s )  p ro d u c e d  sim ilar p a ra s ite m ia s  in  th e s e  mouse 
s t r a in s .  Also th e  wild iso la te s  h av e  sim ilar t is s u e  tro p ism s  an d  
p ro d u c e  com parab le  p a th o lo g y  in  CF1 mice. F u r th e rm o re , th e  k in e tic s  
o f th e se  in  v ivo  c h a ra c te r is t ic s  d e sc r ib e d  fo r th e  w ild iso la te s  v a ry  
m arked ly  from  th o se  of th e  dog iso la te . The d if fe re n c e s  and  
sim ila ritie s  be tw een  th e s e  iso la te s  c o rre la te  w ith  p re v io u s  s tu d ie s  
on in  v itro  g ro w th  (B arr e t  a l., -  C h ap te r 3). In  th e s e  p re v io u s  
s tu d ie s , th e  in  v itro  c h a ra c te r is t ic s  of g ro w th  in  axen ic  c u ltu re  
m edia, p a ra s i te -h o s t  cell a sso c ia tio n  an d  in tra c e l lu la r  g ro w th  
pai’a m e te rs , zymodeme ty p in g  a n d  p ro te in  com position w ere  com pared  and  
c o n tra s te d  fo r  th e  th re e  iso la te s . I t  w as show n th a t  th e  Tc-D iso la te  
w as m arked ly  d if fe re n t from  th e  tw o wild iso la te s , a n d  th a t  th e  wild 
iso la te s  w ere  sim ilar to  each  o th e r  in  all c h a ra c te r is t ic s .  The 
d iffe re n c e s  in  in fe c tiv ity  b e tw een  th e  wild iso la te s  to  th e  mouse 
s t r a in s  exam ined h e re  a re  th e  f i r s t  p o te n tia l d if fe re n c e s  seen  
be tw een  th e se  two iso la tes .
T h e re  a re  s e v e ra l p o ss ib le  ex p lan a tio n s  fo r  th e  s im ila rity  
be tw een  wild iso la te s , an d  d if fe re n c e s  be tw een  th e  w ild iso la te s  and  
th e  dog iso la te . F ir s t ly , T. c ru z i iso la tes  cy c lin g  in  sy lv a tic  
anim als may h ave  sim ilar c h a ra c te r is t ic s ,  an d  a re  d if f e r e n t  from 
th o se  cy c lin g  in  dom estic anim als. S e p a ra te  cy c le s  (sy lv a tic  and  
dom estic) w ith  t r a n s f e r  be tw een  h av e  been  show n to  o c c u r  in South
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America (Miles e t  a lM 1979). S econd ly , th e  3 iso la te s  may have 
o rig in a lly  b een  of common s to ck , b u t  th e i r  v iru le n c e  a n d  in fe c tiv ity  
may have  a lte re d  a s  a  r e s u l t  of la b o ra to ry  m ain tenance  o r 
am plification . I t  is  th o u g h t th a t  an  iso la te  is  m ade u p  of a  n u m b er 
of c lo n es  an d  th a t  la b o ra to ry  m ain tenance  an d  am plifica tion  p ro d u c e s  
se lec tio n  p r e s s u r e  a g a in s t  some c lo n es  w ith in  th e  h e te ro g e n ic  
p o p u la tio n . T h is se lec tio n  p r e s s u r e  e v e n tu a lly  le ad s  to  th e  lo ss  of 
some c lones from  th e  iso la te  s to ck  (P o stan  e t  a l., 1986). T h is may 
exp lain  w hy v iru le n c e  of T. c ru z i s t r a in s  is  lo s t  o r  c h a n g e s  d u r in g  
long te rm  in  v i tro  m ain tenance . T h e re  a re  co n flic tin g  r e p o r ts  on 
w h e th e r  v iru le n c e  of T. c ru z i  iso la te s  s ta y s  th e  same (H auschka, 
1949), in c re a s e s  (Kagan e t  al., 1966), o r  d e c re a se s  (P h illip s , 1960) 
a f te r  p ro lo n g ed  in  v i tro  m ain tenance . G enera lly , u n c lo n ed  c u l tu re s  of 
T. c ru z i iso la te s  h ave  b een  re p o r te d  to  rem ain  s tab le  fo r  s e v e ra l 
y e a r s  in th e  la b o ra to ry  a lth o u g h  lo n g e r p e r io d s  may r e s u l t  in  c h a n g e s  
(Goble, 1951). T h u s, a s  long  as  an  iso la te  is  u sed  soon a f te r  
iso la tion , o r c ry o -p re s e r v e d , i ts  o rig in a l c h a r a c te r is t ic s  will be 
re ta in e d . As th e  iso la tes  in  th is  s tu d y  w ere  u se d  w ith in  a  y e a r  of 
in itia l iso la tio n  o r s to re d  u s in g  c ry o -p re s e rv a t io n  a f te r  iso la tion  
and  u se d  soon a f te r  rem oval from  s to ra g e , i t  is  u n lik e ly  th a t  in  
v i tro  m ain tenance  a p p re c ia b ly  a lte re d  th e  b e h av io r of th e  o rgan ism s. 
F u r th e rm o re , th e se  iso la te s  d id  n o t a l te r  in  th e i r  in fe c tiv ity  to  
dogs in  la te r  s tu d ie s  (C h a p te r  5). A lthough  only  th r e e  iso la te s  w ere 
in v e s t ig a te d  h e re , th e se  r e s u l t s  show th a t  th e re  is  v a r ia tio n  betw een  
iso la te s  in  L ouisiana. Also b e ca u se  th e  wild iso la te s  seem to  be 
sim ilar th e y  may have a  common sy lv a tic  cycle . H ow ever, fu tu re  
iso la te s  from  dogs, opossum s an d  arm adillos a s  well a s  o th e r
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mammalian h o s ts , n eed  to  be c h a ra c te r iz e d  to  e lu c id a te  th e  
ep izoo tio logy  o f T. c ru z i in  L ouisiana.
In b re d  m ouse s t r a in s  h av e  been  show n to  v a ry  in  th e i r  n a tu ra l  
r e s is ta n c e  to  T. c ru z i a n d  th a t  r e s is ta n c e  fa lls  a long  a  co n tin u u m  of 
su sc e p tib le  (C3H), an d  r e s i s ta n t  (C57B1) g ro u p s  w hen  in fe c te d  w ith  T. 
c ru z i iso la te s  from  man, w ild a n d  dom estic h o s ts , a n d  v e c to r s  from  
S o u th  Am erica (P h illip s , 1960; W atkins, 1966; M arr an d  P ike , 1967;
Bice a n d  Zeledon, 1970; T risch m an n  e t  a l., 1978; Dos S an to s  an d  
H udson , 1981; T risch m an n ,. 1986). O th e r m ouse s t r a in s  h av e  r e s is ta n c e s  
th a t  fa ll be tw een  th e  r e s i s t e n t  a n d  s u sc e p tib le  g ro u p s  (B a lb /c , CF1, 
CFW). T yp ica lly , w h ere  C3H/He mice develop  h ig h  p a ra s ite m ia s  (2 X 107 
b y  day  27 PI) a n d  m o rta lity  a p p ro a c h e s  100%, C57B1/10 mice show  low 
p a ra s ite m ia s  (5 X 105 b y  d a y  27 PI) a n d  no m o rta lity  w hen  in fe c te d  IP 
w ith  104 B razil s t r a in  try p o m a s tig o te s  (T risch m an n  e t  a l., 1978). 
B alb /c  mice show  m odera te  p a ra s ite m ia s  (4 X 106 by  day  27 PI) an d  10% 
m o rta lity  w ith  th e  same in fe c tio n  (T rischm ann  e t  a l., 1978). Our 
s tu d ie s  show ed a  d if f e r e n t  p a t te r n  of s u s c e p tib il i ty  of th e s e  mouse 
s t r a in s  to  N orth  A m erican T. c ru z i iso la tes . P a ras item ias  w ere 
s im ilar in  C3H a n d  C57B1 mice in fe c te d  w ith  th e  w ild iso la te s . Also, 
p a ra s ite m ia s  in  all m ouse s t r a in s  in fe c te d  w ith  w ild iso la te s  w ere  
low er th a n  in  p re v io u s  s tu d ie s ,  v a ry in g  betw een  1 X 103 an d  1 X 105, 
in - s p i te  of th e i r  re c e iv in g  a  m uch h ig h e r  in fe c tiv e  dose (106 
try p o m a s tig o te s  IP ) th a n  in  th e  p re v io u s  s tu d ie s  (M arr an d  P ike, 
1967; T rischm ann  e t  a l., 1978). T h is d iffe re n c e  in  s u s c e p tib il i ty  of 
d if f e r e n t  mouse s t r a in s  to  N orth  A m erican T. c ru z i iso la te s  from 
th o se  of S o u th  Am erica s u g g e s ts  th a t  th e  fa c to rs  a ffe c tin g  a  mouse 
s t r a in s  su sc e p tib il i ty  to  T. c ru z i in fe c tio n  d e p e n d s  on th e  T. c ru z i
97
iso la te . Also, th e  d if fe re n c e s  in  p a ra s ite m ia s  a n d  m o rta lity  in  mice 
in  th is  s tu d y  s u g g e s t  th a t  T. c ru z i iso la te s  from  N orth  Am erican 
h o s ts  a re  le ss  v iru le n t  to  in b re d  mice th a n  th o se  T. c ru z i iso la te s  
from  S o u th  America. O ur d a ta  m ore c lo se ly  ap p ro x im ates  d a ta  from  th e  
p re v io u s  s tu d y  c o n d u c te d  on try p a n o so m es  from  wild N orth  A m erican 
h o s ts  (Norman e t  a l., 1959). T hese  s tu d ie s  show ed th a t  a lth o u g h  
iso la te s  from  opossum s, a  racco o n  a n d  a  sk u n k  from  N orth  Am erica 
cau sed  m o rta lity  in  C3H an d  CFW mice, th e s e  iso la te s  w ere  le s s  
v iru le n t  th a n  2 iso la te s  from  hum an p a tie n ts  (Norman e t  a l., 1959). 
H ow ever, b e ca u se  of d if fe re n c e s  in  ex p erim en ta l d e s ig n  be tw een  o u r  
s tu d y  an d  th e  p re v io u s  s tu d y , d ire c t  co m p ariso n s w ith  o u r  d a ta  is  
d ifficu lt.
In c re a s e s  (C ollier e t  a l., 1942; G arnham , 1956; P h illip s ,
1960) an d  d e c re a se s  (T arle to n  e t  a l., 1988) in  w e ig h t of T. c ru z i  
in fe c ted  mice h av e  b o th  b een  p re v io u s ly  r e p o r te d . T a rle to n  e t  a l., 
(1988) re p o r te d  th a t  ce lls  from  T. c ru z i  in fe c te d  mice p ro d u c e  tu m o u r 
n e c ro s is  fa c to r  w hich  r e s u l t s  in  w e ig h t lo ss  in  th e  mice. P h illip s  
(1960) n o ted  th a t  an  iso la te  from  a B razilian  p a tie n t  p ro d u c e d  a 
w e ig h t in c re a se  a sso c ia te d  w ith  s u b c u ta n e o u s  edem a. C auses of 
su b c u ta n e o u s  edem a can  in c lu d e  h y p o p ro te in em ia , c o n g e s tiv e  r ig h t  
h e a r t  fa ilu re , a n d  local v a s c u la r  a n d  t is s u e  dam age. In  o u r  s tu d y  
blood album in lev e ls  in  CF1 mice s u f fe r in g  from  su b c u ta n e o u s  edem a 
w ere sim ilar to  lev e ls  from  c o n tro l mice d isco u n tin g  h y p o p ro te in em ia  
as  a  cau se . H istopatho logy  of th e  h e a r t ,  l iv e r  a n d  sp lee n  d id  no t 
show th e  p re se n c e  of co n g es tio n  o r  o th e r  c h a n g e s  c o n s is te n t  w ith 
c o n g es tiv e  r ig h t  h e a r t  fa ilu re . T h e re  w ere  s e v e ra l in d ic a tio n s  th a t  
th e  edem a o c c u r re d  se c o n d a ry  to  local v a sc u la r  an d  t is s u e  dam age. The
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edem a w as m ost se v e re  in  su b c u ta n e o u s  t is s u e s  a d ja c e n t  to  abdom inal 
wall m uscles w hich w as th e  t is s u e  show ing th e  h e a v ie s t d e g re e  of 
p a ra s itism  (Fig. 5). Also, th e  c lose c o rre la tio n  ( r  = 0.98) be tw een  
c h a n g e s  in  w e ig h t a n d  t is s u e  p se u d o c y s t n u m b ers  s u g g e s te d  th a t  t is su e  
p a ra s i te  b u rd e n  w as re la te d  to  w e ig h t in c re a se . P se u d o cy s ts
e v e n tu a lly  r u p tu r e d  re le a s in g  try p o m a s tig o te s  a n d  c a u s in g  d e a th  of 
th e  h o s t cell. I t  is  p o ssib le  th a t  th e  edem a w as in d ire c tly  c au se d  by  
t is s u e  dam age a s  a r e s u l t  of p se u d o c y s t r u p tu r e .
T issue  tro p ism  h a s  b een  u se d  to  c la s s ify  T .c ru z i iso la tes  
iu to  e i th e r  m yotrop ic, re tic u lo tro p ic  o r  n e u ro tro p ic  g ro u p s  
(M azzotti, 1940; T a lia fe rro  an d  P izzi, 1955; Kagen e t  a l., 1966; 
W atkins, 1966; Bice an d  Zeledon, 1970; H anson an d  R oberson , 1974; 
Melo an d  B re n e r , 1978). The wild iso la te s  in  th is  s tu d y  could  be 
c la ss ified  a s  m yotrop ic  b ased  on th e i r  p re d ile c tio n  fo r  m uscle 
tis su e . The p se u d o c y s t n u m b ers  w ere  low in n e rv o u s  and
re tic u lo e n d o th e lia l t is s u e s . I t  w as im possib le  to  e s ta b lis h  t is su e  
tro p ism  fo r th e  Tc-D iso la te  in  CF1 mice b e ca u se  on ly  one c y s t  was 
fou n d . A lthough  wild iso la te s  seem ed to  be m yotrop ic , d iffe re n c e s  
w ere  o b se rv e d  in  th e  d e g re e  of in v asio n  of th e  m uscles of v a rio u s  
o rg a n s . The cau se  fo r  th is  d if fe re n tia tio n  be tw een  m uscles a s  ta r g e ts  
fo r  p a ra s ite  in v asio n  is  unknow n.
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TABLE 1 . Peak p a ra s i te m ia  (mean numbers o f  t ry p o m a s t ig o te s  X 104 per 
ml o f  b lood ± SEM) in  s ix  in b red  s t r a i n s  o f  mice in f e c te d  w ith  Tc-0, 
Tc-A o r  Tc-D T. c r u z i  i s o l a t e s .
Mouse
s t r a i n s
n=6
P a r a s i t e  i s o l a t e s
Tc- A No. (%) 
in fe c te d
Tc-0 No. (%) 
in f e c te d
Tc-D
CF1 10.6 i 1.1 6 (100) 8 .0  ± 1 .0 6 (100) 0
C3H 4.8  i 0 .8 5 (85) 2 .7  * 0 .8 3 (50) 0
B alb /c 7.0 ± 1.1 6 (100) 2 .7  t  1.1 3 (50) 0
CFW 5.6  ± 0 .9 5 (83) 2.1 2 (33) 0
C57B1 2.7  i 0 .6 6 (100) 2.1 2 (33) 0
CD1 10.6 t 1.1 6 (100) 6 .0  i  0 .8 5 (83) 0
n Number o f  mice in  each group
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FIGURE CAPTIONS
FIGURE 1. C ourse  of th e  p a ra s i te m ia s  (mean n u m b e rs  of t ry p o m as t ig o te s  
X 103 p e r  ml of blood) o v e r  42 d a y s  in  6 in b r e d  mouse s t r a in s
in fe c te d  w ith  Tc-A (•--- •) ,  a n d  T c -0  (o o )  T. c ru z i  iso la tes .
Values a r e  m eans of 6 mice p e r  g ro u p .  The mouse s t r a in  is  in d ica ted  
in  th e  u p p e r  le f t  c o rn e r  of each  panel.
FIGURE 2. Comparison of mean w e ig h ts  (gms) of CF1 mice o v e r  42 day s  
in fe c ted  w ith  Tc-A (®— -»),  T c -0  a n d  Tc-D (0— o) T. c ru z i
iso la tes  a n d  u n in fe c ted  c o n tro ls  ( a  a ) .  Values a r e  m eans of 6 mice
p e r  g ro u p  fo r  in fe c ted  g ro u p s  a n d  4 mice in  th e  co n tro l  g ro u p .
FIGURE 3. Comparison be tw een  co n tro l  CF1 mouse (left) a n d  a  Tc-A 
in fe c ted  CF1 mouse ( r ig h t)  a t  day  18 pi. Note th e  in c re a s e  in  s ize  of 
th e  Tc-A in fec ted  mouse of th e  con tro l.
FIGURE 4. Comparison of th e  to ta l  n u m b er  of p s e u d o c y s t s  in  5 t i s s u e s  
(b la d d e r ,  abdom inal wall, th ig h ,  h e a r t  a n d  d iap h rag m  m uscle) p e r
mouse in fe c ted  w ith  Tc-A (----- ), T c -0  (----- ), a n d  Tc-D (•...... ) T. c ru z i
iso la tes  o v e r  th e  34 day  ex per im en ta l  p e r iod . Values r e p r e s e n t  mean +
SE of th e  to ta l  nu m b er of p s e u d o c y s t s  in  10 h ig h  pow er f ie ld s  p e r  
t i s s u e  from th e  5 t i s s u e s  from  each  of 3 CF1 mice p e r  g roup .
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FIGURE 5. Com parison of th e  to ta l  p s e u d o c y s t  n u m b e rs  in specific  
t i s s u e s  of CF1 mice in fe c ted  w ith  Tc-A, Tc-O, a n d  Tc-D T. c ru z i 
iso la tes . Values r e p r e s e n t  mean + SE of th e  p s e u d o c y s t  n u m b ers  
c o u n ted  in 10 h ig h  pow er f ie ld s  p e r  t i s s u e  from  15 mice (3 mice 
examined a t  5 d i f f e r e n t  time p e r io d s ;  12, 15, 21, 27, a n d  34 day s  
PI). The mouse s t r a in  is  in d ic a te d  in  th e  low er r i g h t  c o r n e r  of each  
panel.
FIGURE 6. Com parison of inflam m atory  lesion sco re s  o v e r  34 d a y s  in
t i s s u e s  of CF1 mice in fe c ted  w ith  Tc-A (-----), T c -0  (------), a n d  Tc-D
(......) iso la tes  of T. c r u z i . Values r e p r e s e n t  mean + SE of th e
cum ulative  s co re s  from 5 t i s s u e s  (b la d d e r ,  abdom inal wall, th ig h ,  
h e a r t  an d  d iap h rag m  m uscle) from each  of 3 mice.
FIGURE 7. Comparison of inflam m atory  lesion  s c o re s  in specific  
t i s s u e s  of CF1 mice in fe c ted  w ith  Tc-A, Tc-O, an d  Tc-D iso la tes  of T. 
c ru z i . Values r e p r e s e n t  mean + SE of lesion  sco re s  p e r  mouse fo r  each 
t i s s u e  from 15 mice (3 mice examined a t  5 d i f f e r e n t  time p e r io d s ;  12,
15, 21, 27, a n d  34 d ay s  PI). The mouse s t r a in  is in d ic a ted  in th e  




8 0 - -
40
2 0 - -
O  T l
o 2010 30 40
100 -
Balb/c
80  -  -
60  -
40





80  - -
eo
40
20  - -Q
400 2010
DAYS POST INFECTION
1 0 0 - •
CD1























o T c - D
• ....... •  T c - A
A  * A Tc — 0
a Control





























T c -DT c - 0
2 66 02 42 6 0 440
PSEUDOCYSTS/MOUSE
FIG. 5
























CLINICAL, CLINICAL PATHOLOGICAL, AND PARASITOLOGICAL 
OBSERVATIONS OF EXPERIMENTAL CHAGAS’ DISEASE IN DOGS 
PRODUCED BY NORTH AMERICAN TRYPANOSOMA CRUZI ISOLATES
S te p h e n  C. Bai'r, Kent A. G ossett ,  Thomas R. Klei.
To be su b m itted  to  th e  American J o u rn a l  of V e te r in a ry  R esearch
1 1 8
119
Summary -  N ineteen p u r e b r e d  beag le  do g s  of d i f f e r e n t  a g es  (4, 5, 13, 
an d  47 w eeks) w ere  in fec ted  w ith  N orth  American T. c ru z i  iso la tes  
from an  opossum  (Tc-O), an  arm adillo  (Tc-A), o r  a  dog (Tc-D). Dogs 
w ere  g ro u p e d  on th e  b a s is  th e  clin ical outcome of in fec tion . Group 1 
(7 dogs in fe c ted  w ith  T c -0  o r  Tc-A) d ied  d u r in g  a c u te  d isease . Group 
2 (5 do g s  in fe c ted  w ith  T c -0  o r  Tc-A) deve loped  a c u te  d isease  b u t  
su rv iv e d  to  develop  ch ro n ic  d isease . Group 3 (7 Tc-D in fe c ted  dogs) 
deve loped  n e i th e r  a cu te  n o r  ch ro n ic  d isease . A f o u r th  g ro u p  of 2 dogs 
ag es  13 w eeks an d  2 d o g s  a g ed  47 w eeks s e rv e d  a s  u n in fe c ted  co n tro ls  
(g ro u p  4).
Clinical s ig n s  a sso c ia ted  w ith  s e v e re  a c u te  m y ocard it is  o c c u r re d  
in dogs in g ro u p s  1 an d  2 be tw een  d a y s  15 a n d  28 p o s t  in fec tion  (pi). 
G enera lized  ly m p h ad en o p a th y  an d  lym phocy tos is  o c c u r re d  in all dogs in 
g ro u p s  1, 2 a n d  3 be tw een  d a y s  14 an d  17 pi. Serum  alanine 
a m in o tra n s fe ra se ,  a s p a r t a t e  a m in o tra n s fe ra se  an d  u r e a  n i t ro g e n  w ere 
e lev a ted  and  g lucose  was d e c re a se d  p r io r  to  d e a th  in  dogs t h a t  died 
of a cu te  d isease . Serum to ta l  c re a t in e  p h o sp h o k in ase  an d  c re a t in e  
phosphokinase-M M  isoenzym e a c t iv i t ie s  w ere  e lev a te d  p r io r  to  d ea th  in 
only  1 dog in  g ro u p  1. Serum  to ta l  la c ta te  d e h y d ro g e n a s e  and  
isoenzym es ac t iv i t ie s  in in fe c ted  dogs  did no t d i f f e r  from con tro ls .  
Paras item ias  w ere  d e tec te d  by  th e  th ic k  sm ear m ethod by  day  3 pi, 
p eak ed  by  day  17 pi in most dogs , a n d  d is a p p e a re d  by  day  30 pi in 
dogs in g ro u p s  1 and  2. P aras item ias  w ere  d e m o n s tra ted  by  blood 
c u l tu re  in g ro u p s  2 an d  3 a t  v a r io u s  tim es th ro u g h o u t  the
experim en ta l pe riod . Dogs in fe c ted  a t  an  o ld e r  age  g en e ra l ly  had a 
h ig h e r  s u rv iv a l  r a te  and  lower p a ras i tem ias  th a n  dogs  in fec ted  a t  a 
y o u n g e r  age.
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The le n g th  of time do g s  in  g ro u p  2 rem ained  asym ptom atic  a f t e r  th e  
end  of a c u te  s ig n s  to  th e  o n s e t  of ch ro n ic  s ig n s  r a n g e d  from 27 to  
139 days . V e n tr ic u la r  b a se d  a r rh y th m ia s  a n d  ex erc ise  in to le ra n c e  w ere  
p r e s e n t  in  all dogs  in  g ro u p  2 b y  day  120 pi. Two dogs  developed  
s ig n s  of b iv e n t r ic u la r  h e a r t  fa ilu re .
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N atu ra lly  o c c u r r in g  a c u te  can ine  try p an o so m ia s is  has  b een  re p o r te d  
mainly from th e  s o u th e r n  U nited  S ta te s .1-5 Chronic  d isea se  a s  a  
r e s u l t  of n a tu ra l ly  a c q u i r e d  T rypanosom a c ru z i  in fec tion  h as  on ly  
been  r e p o r te d  in  two d o g s  in  th e  U nited  S ta te s .6 Most of th e s e  case s  
hav e  b een  d iag n o sed  a t  n e c ro p sy ,  so  l i t t le  is  know n a b o u t  th e  
tem pora l deve lopm ent of th e  clin ical d isease .  A lthough  th e s e  r e p o r t s  
hav e  a d d e d  much to  o u r  u n d e r s t a n d in g  of th e  d isea se  in dogs  in fec ted  
b y  N orth  American T. c ru z i  iso la tes ,  many q u e s t io n s  rem ain 
u n a n sw e re d .  F i r s t ly ,  th e  tem pora l r e la t io n s h ip  b e tw een  th e
developm ent of p a ras item ia ,  c linical s ig n s ,  an d  clin ical pa tho log ical 
f in d in g s  is unknow n. S econd ly , i t  is  unknow n  if dogs  t h a t  su rv iv e  
acu te  d isea se  develop  ch ro n ic  d isease . T h ird ly ,  th e  tem pora l 
re la t io n sh ip ,  if a n y ,  b e tw een  th e  a c u te  a n d  ch ro n ic  s ta g e s  is 
u n d e sc r ib e d .  L as tly , i t  is  u n k n o w n  if ch ro n ic  d isea se  can  o c c u r  in 
dogs w ith o u t  th e  p r io r  m an ife s ta t io n s  of a c u te  d isease .
T rypanosom a c ru z i  h a s  b een  r e p o r te d  in  a  wide r a n g e  of wild h o s ts  
an d  v e c to r s  in N orth  America b u t  i t  is u n k n o w n  if th e s e  o rg an ism s  a re  
so u rce  of in fec tion  to  d o g s .7-9 T h e re  is  on ly  one r e p o r t  of 
exper im en ta l  in fec t io n s  in  do g s  u s in g  T. c ru z i  iso la tes  from a N orth 
American wild h o s t .10 In  th i s  r e p o r t ,  do g s  did  n o t  develop  a cu te  o r  
ch ro n ic  d isea se  b u t  th e y  did  develop  p a ra s i tem ias  an d  p a r a s i te s  were 
fo u n d  in  t i s s u e s .10
This s tu d y  c h a r a c te r iz e  th e  c o u rs e  of in fec t io n  a n d  clinical 
d isease  in dogs  in fe c ted  w ith  T. c ru z i  iso la tes  from an  opossum , an  
armadillo and  a dog from Louisiana. The clin ical c o u rs e ,  clinical 
pa tho log ical p a ra m e te rs  a n d  p a ra s i tem ia s  w ere  docum ented  in dogs of 
d i f f e r e n t  ag es  d u r in g  th e  a c u te  a n d  ch ro n ic  in fec tion .
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M aterials  a n d  M ethods
E xperim enta l d e s ig n  a n d  anim als -  N ineteen  p u r e b r e d  beag le  do g s  of 4 
d i f f e r e n t  a g e s  w ere  in o c u la ted  w ith  one  of 3 T. c ru z i  iso la tes  in 3 
d i f f e r e n t  ex p er im en ts .
E xperim ent I -  The aim of th i s  ex p er im en t was to  d e te rm ine  if  2 T. 
c ru z i  iso la tes ,  1 from a n  arm adillo  (Tc-A) an d  1 from  a dog (Tc-D) 
w ere  in fec t iv e  to  dogs. A l i t t e r  of 5 (4 fem ales, 1 male) p u r e  b re d  
beag le  dogs  (L ouisiana  S ta te  U n iv e rs i ty  Beagle Colony, Baton Rouge, 
La) w ere  in fe c te d  a t  4 w eeks  of age . Dogs w eighed  on a v e ra g e  0.9 kg 
(range : 0.8 to 1.0 kg) w hen  in fe c ted .  The 4 females w ere  in fec ted  
w ith  Tc-A an d  th e  male w ith  Tc-D.
E xperim en t II -  The aim of th is  ex p er im en t w as to com pare th e
in fe c t iv i ty  to  dogs  of 3 T. c ru z i  iso la tes ,  in c lu d in g  Tc-A, Tc-D, an d
one from an  opossum  (Tc-O). A l i t t e r  of 6 (3 females, 3 males) p u re  
b re d  beag le  dogs  (L ouisiana  S ta te  U n iv e rs i ty  Beagle Colony, Baton 
Rouge, La) w ere  in fec ted  a t  5 w eeks  of age. Dogs w eighed  on a v e ra g e  
1.6 kg  (ran g e :  1.5 to 1.7 kg) w hen  in fec ted .  One dog of each  sex was 
in fe c ted  w ith  each  of th e  3 iso la tes .
E xperim ent III  -  The aim of th i s  ex p er im en t was to  a s s e s s  th e
in f luence  of age  on th e  in fe c t iv i ty  to  do g s  of T c -0  an d  Tc-D. A
l i t t e r  of 6 (1 female, 5 males) p u r e b r e d  beag le  dogs  (L ouisiana S ta te  
U n iv e rs i ty  Beagle Colony, Baton Rouge, La) w ere  in fe c ted  a t  13 w eeks 
of age. Dogs w eighed  on th e  a v e r a g e  3.3 kg  (ran g e :  3 to  3.6 kg) when 
in fec ted .  Six female p u r e b r e d  specific  p a th o g e n  f re e  beag le  dogs 
(Hazleton R esearch  Animals Inc .,  C um berland , Va) w eighed  on a v e ra g e  
6.8 kg  (ran g e :  6 to  8 kg) an d  a g ed  47 w eeks old w hen in fec ted .  Two 6 
week old males and  2 47 w eek old females w ere  in fec ted  w ith  T c -0  o r
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Tc-D. The 2 rem ain ing  d o g s  in  each  age  g ro u p  s e r v e d  a s  u n in fe c ted  
co n tro ls .
A sum m ary of th e  ex p er im en ta l  g ro u p in g s ,  c h a r a c te r i s t i c s  of dogs 
u se d ,  in fe c t in g  dose, T. c ru z i  iso la te  u se d ,  a n d  d u ra t io n  of
in fec t io n  a r e  show n in  ta b le  1. Dogs from all ex p e r im en ts  w ere
g ro u p e d  in to  clin ical r e s p o n s e  g ro u p s  fo r  c la r i ty  of p r e s e n ta t io n  of 
r e s u l t s .  T hese  g ro u p s  a re  a lso  show n in  tab le  1.
All dogs  w ere  v a cc in a ted  a g a in s t  B o rd e te l la . p a ra in f lu e n za ,  
p a rv o v i ru s ,  d is tem p er  v i r u s ,  h e p a t i t i s  v i r u s ,  r a b ie s  and
le p to sp iro s is  u s in g  s t a n d a r d  vacc in a tio n  p ro toco ls .  P u p p ie s  w ere  
w eaned  a t  4 w eeks of age . They  w ere  deworm ed r e g u la r ly  a n d  had  th re e  
c o n se c u t iv e ly  n e g a t iv e  fecal exam inations p r io r  to  e n te r in g  th e
s tu d y .  Animals w ere  hou sed  in d o o rs  in  in d iv id u a l  c a g e s  in  an  AAALAC 
a c c re d i te d  fac il i ty  fo r  a 4 week acclim atization p e rio d  an d  d u r in g  
th e  s tu d y .  They were fed  a commercial d r y  dog chow. P r io r  to 
in it ia t ion  of th e  s tu d y ,  th e  experim en ta l p ro toco l was rev iew ed  and  
a p p ro v e d  by  th e  U n iv e rs i ty  Committee on th e  Use of Humans a n d  Animals 
as  R esearch  S u b je c ts .
P a ra s i te s  a n d  experim en ta l  in fec t io n s  -  T rypanosom a c ru z i  iso la tes  
w ere  o b ta in e d  from an  opossum  (T c-0 ) ,  arm adillo  (Tc-A), an d  a  dog
(Tc-D) from L ouisiana  a s  p re v io u s ly  d e sc r ib e d  (B arr  e t  al., -  C h ap te r  
1 an d  2).
Briefly , t ry p o m a s t ig o te s  u se d  in in fec t io n s  w ere  h a r v e s te d  from 
A frican G reen Monkey Kidney Cells (Vero cell c u l tu re s ) ,  w ashed  3 
times in Eagle Minimum E ssen tia l  Media (MEM; Gibco, G rand Is lan d , NY) 
su p p lem en ted  w ith 10% h e a t  in a c t iv a te d  (56° C, 30 m inu tes) fe ta l calf
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serum  (FCS), 100 IU penicillin , 100 u g  s t re p to m y c in ,  a n d  0.25 ug  of 
am phote ric in -B  p e r  ml of media (an tib io tics) .  T ry p o m as tig o te s  were  
c o u n ted  in a modified N e u b ra u r  hem ocytom eter a n d  r e - s u s p e n d e d  to  a 
c o n ce n tra t io n  of 107 p e r  ml in MEM p lu s  an tib io tic s .  Dogs w ere 
inocu la ted  su b c u ta n e o u s ly  w ith  e i th e r  Tc-O, Tc-A, Tc-D o r  MEM p lus  
a n tib io t ic s  (u n in fec ted  c o n tro ls )  b e tw een  th e  s h o u ld e r  b lad es  w ith 5 
X 103 t ry p o m as t ig o te s  p e r  gm body  w e ig h t  u p  to  a  maximum dose of 2 X 
107 o rg an ism s  (Table 1). U n in fec ted  c o n tro ls  re c e iv e d  1.0 ml of MEM 
p lus  an tib io tics .
Clinical s ig n s  -  A daily  p h y s ica l  exam ination was p e rfo rm ed  on each  
dog, and  bo th  o b jec t iv e  ( te m p e ra tu re ,  p u lse  a n d  re s p i ra t io n  ra te s ,  
h y d ra t io n )  an d  s u b je c t iv e  d a ta  (dem eanor, a p p e t i te ) ,  w ere  re c o rd ed .  
G eneralized  ly m p h ad en o p a th y  was d iagnosed  b ased  on a 25% in c re a se  
o v e r  p re - in fe c t io n  levels  in  th e  s ize of p re s c a p u la r ,  su b m an d ib u la r  
an d  poplitea l lym ph nodes. Clinical exam inations w ere  p e rfo rm ed  twice 
daily if clinical p a ra m e te rs  became abnorm al. The main c r i t e r ia  u sed  
to  decide  if dogs w ere  to  be e u th an i t iz e d  d u r in g  a cu te  d isease  was 
th e  developm ent of h y p o the rm ia , ano rex ia  and  weak pu lse . Body w eigh t 
was re c o rd e d  weekly.
Blood sample collection -  J u g u la r  blood sam ples w ere  o b ta in ed  from 
all dogs p r io r  to in fec tion , an d  p o s tin fec t io n  d a y s  (PID) 7, 14, 20,
35, an d  50, th e n  e v e r y  4 w eeks fo r  complete blood c o u n ts  (CBCs) and  
serum  biochemical p ro files .  Similar samples w ere  also  o b ta ined  from 
dogs d u r in g  a cu te  d isease  j u s t  p r io r  to  be ing  eu th an ize d .  In 
ad d itio n ,  ju g u la r  blood sam ples were o b ta in ed  from th e  13 and  47 week
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old dogs p r io r  to  in fec tion  a n d  on PID 5, 12, 17, 19, 24, 29, 32, 36, 
and  40 fo r  serum  biochemical p ro f i le s  an d  to ta l  enzym e an d  isoenzyme 
d e te rm in a tio n s  of c re a t in e  k in a se  (CK) an d  lac ta te  d e h y d ro g e n a se  
(LDH). Blood was co llected  in  a p p ro p r ia te  vacuum  tu b e s  (V acutainer, 
Becton, D ickerson  & Co, R u th e r fo rd ,  NJ) fo r  CBCs (d ipo tassium  EDTA); 
fo r  serum  biochemical p ro f i le s  w hich in c lu d e d  serum  g lucose , u re a  
n i t ro g e n  (SUN), p h o s p h o ru s ,  a lbum in, to ta l  p ro te in ,  calcium, 
c re a t in in e ,  a lkaline  p h o s p h a ta s e  (ALP), a lan ine  a m in o tra n s fe ra se  
(ALT), a s p a r t a t e  a m in o tra n s fe ra se  (AST), CK an d  LDH (siliconized 
tu b e s ) .  A ssays  fo r  to ta l  a n d  isoenzym e a c t iv i t ie s  of CK and  LDH w ere  
b eg u n  w ith in  1 h r  of blood collection.
Hematologic and  serum  biochemical p ro c e d u re s  -  The PCV was de te rm ined  
by th e  m icrohem atocrit  p ro c e d u re .  L eukocy te  a n d  e r y th r o c y te  c o u n ts ,  
hemoglobin co n ten t ,  mean c o rp u s c u la r  volume a n d  mean c o rp u s c u la r  
hemoglobin c o n ce n tra t io n  w ere  d e te rm ined  by  au tom ated  cell c o u n te r  
(Coulter S790, C oulter E lec tron ics ,  Hialeah, FI). Total leu k o cy te  
co u n t (WBC), a b so lu te  n e u t ro p h i l  a n d  a b so lu te  lym phocy te  v a lu e s  from 
in fec ted  dogs w ere  com pared  to  v a lu es  from u n in fe c ted  con tro l  dogs 
and  e s ta b l ish e d  la b o ra to ry  r e f e re n c e  v a lu e s : -  Total WBC c o u n ts ,  6 to 
17 X 103 ce l ls /u l ;  seg m en ted  n e u tro p h i l  c o u n ts ,  3 to  11.5 X 103 
ce lls /u l;  lym phocy te  c o u n ts ,  1 to  4.8 X 103 ce l ls /u l) .
Serum  glucose , SUN, a lbum in, p h o s p h o ru s ,  Ca, c re a t in in e ,  ALP, ALT, 
AST, and  CK were d e te rm in ed  by  r e a g e n t  k i ts  on  a c e n tr i fu g a l  
a u to a n a ly s e r  (Encore, B ake r  I n s t r u m e n ts  Corp, Allentown, Pa). Total 
LDH was de te rm ined  by  re f le c ta n c e  p h o to m e try  (S era ly z e r ,  Miles Labs 
Inc, E lk h a r t ,  In). Serum  b io ch em is try  v a lu e s  from in fec ted  dogs were
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com pared  to  v a lu e s  from co n tro l  dogs  an d  e s ta b l i s h e d  la b o ra to ry  
r e f e re n c e  v a lu e s : -  ALT, 1 to  35 IU/L; AST, 1 to  30 IU/L; SUN, 8 to  25 
m g/d l; g lucose , 80 to  115 m g/d l) .  Isoenzym e d e te rm in a tio n  fo r  CK and  
LDH w ere  p e rfo rm ed  on 2.0 ul an d  3.0 u l of se rum  re sp e c t iv e ly .  A 
hum an se ru m  CK c o n tro l  (CK Iso tro l ,  Sigma Chemical Co, St. Louis, Mo) 
and  a hum an serum  LDH co n tro l  (LDH isoenzym e Contro l, American Dade, 
Miami, FI) w ere  r u n  w ith  th e  CK a n d  LDH sam ples re sp e c t iv e ly .  
C rea tine  k in a se  an d  LDH isoenzym es w ere  s e p a ra te d  by  e le c t ro p h o re s is  
on a g a ro se  e le c t ro p h o re t ic  films (Agarose gel, Sigma Chemical Co, St. 
Louis, Mo, an d  T itan  Gel LDH isoenzym e p la te s ,  Helena Labs, Beaumont, 
Tx, r e s p e c t iv e ly ) .  C rea tine  k inase  isoenzym es w ere  d e te c te d  with 
enzym e s u b s t r a t e  (CPK A g ro -s ta in ,  Sigma Chemical Co, St. Louis, Mo), 
an d  gels  q u a n t i ta t iv e ly  a n a ly se d  on a  d e n s i to m ete r  (Q uickscan , Helena 
Labs, Beaumont, Tx) a t  a w av e len g th  of 540 nm. L ac ta te  d e h y d ro g e n a se  
isoenzym es w ere  d e te c te d  w ith s u b s t r a t e  (T itan gel LDH isoenzym e 
re a g e n t ,  Helena Labs, Beaumont, Tx) and  gels  q u a n t i ta t iv e ly  an a ly sed  
on a  d e n s ito m ete r  (Q uickscan, Helena Labs, Beaumont, Tx) a t  a 
w av e len g th  of 595 nm.
P aras item ias  -  P a ras item ias  w ere  d e te rm in ed  e v e r y  t h i r d  day  u n t i l  day 
36 pi, th e n  e v e r y  4 w eeks u s in g  a  q u a n t i ta t iv e  th ic k  sm ear p ro c e d u re  
as  p re v io u s ly  d e s c r ib e d .11 In  dogs  w ith  n e g a t iv e  sm ears ,  p a ras i tem ias  
w ere  confirm ed  by  f in d in g  p a ra s i te s  in  blood c u l tu r e d  in  l ive r  
in fus ion  t r y p t o s e  medium (LIT) su p p lem en ted  w ith  10% FCS and 
an t ib io t ic s  on d ay s  15, 52, 140, 240, 322, 459 p i.12
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S ta t is t ic s  -  S t u d e n t ’s 2 - ta i led  t  t e s t  was u se d  to  com pare  th e  mean 
d if fe re n c e s  of hem atological an d  serum  b io ch em is try  v a lu es  betw een  
normal a n d  in fe c te d  dogs. F in d in g s  w ere  c o n s id e re d  s ig n if ic a n t  a t  P < 
0.05. B ars  on all g r a p h s  r e p r e s e n t  th e  s t a n d a r d  e r r o r  of th e  mean.
R esu lts
R esu lts  from th e  3 e x p er im en ts  a r e  p r e s e n te d  to g e th e r .  For c la r i ty  of 
p re s e n ta t io n ,  do g s  w ere  p laced  in  c lin ical r e s p o n s e  g ro u p s  b a se d  on 
th e  c linical outcome of in fec t io n  (Table 1). Dogs in g ro u p  1
developed  an d  died d u r in g  a cu te  d isease . Dogs in  g ro u p  2 also 
developed  a c u te  d isea se  b u t  r e c o v e re d  to  develop  ch ro n ic  d isease . 
Dogs in  g ro u p  3 w ere  in fe c ted  b u t  did n o t  develop  a cu te  o r  ch ron ic  
d isease  (all Tc-D in fe c ted  dogs). Dogs in  g ro u p  4 s e r v e d  as
u n in fe c ted  co n tro ls .
Clinical s ig n s  -  The 2 main c linical sy n d ro m e s  o b s e r v e d  w ere  acu te
d isea se  (Group 1 an d  2) a n d  ch ro n ic  d isea se  (Group 2).
Acute d isea se  -  A sum m ary  of th e  time from in fec tion  to  th e  o n se t  
of a c u te  d isea se ,  peak  p a ras item ia ,  d e a th  an d  r e c o v e ry  in dogs in 
g ro u p  1 an d  2 is p r e s e n te d  in  ta b le  2. Only do g s  in fe c ted  w ith  T c -0  
o r  Tc-A developed  clinical s ig n s  of a c u te  d isease . D ifferences  in 
c linical s ig n s  be tw een  T c -0  an d  Tc-A in fe c ted  d o g s  w ere  no t o b se rv e d .  
The s e v e r i ty  of a cu te  s ig n s  was more d e p e n d e n t  on th e  age  a t  which 
dogs w ere  in fe c ted .  S ig n s  w ere  more s e v e re  and  similar in dogs 
in fec ted  a t 4 a n d  5 w eeks th a n  in th e  o ld e r  dogs. S igns  in the  
y o u n g e r  dogs w ere  a sso c ia ted  w ith  ca rd iac  d y s fu n c t io n  an d  inc luded  
pale mucus m em branes , l e th a rg y ,  a sc i te s ,  hepatom egaly , splenom egaly
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a n d  w eak p u lse .  Ascitic f lu id  w as s u b je c t iv e ly  a s s e s s e d  to  be minimal 
in volume, an d  in all c a se s  was c lass if ied  a s  a  modified t r a n s u d a te .
The a v e ra g e  p ro te in  c o n te n t  of th e  a sc it ic  f lu id s  w as 3.4 + 0.3 (mean 
+ SD) g /d l .  Clinical s ig n s  in o ld e r  do g s  in c lu d ed  a  s h o r t  p e r io d  of 
d e p re s s io n  and  p a r t ia l  anorex ia . All d o g s  d eve loped  genera lized  
ly m p h ad en o p a th y  on th e  a v e r a g e  15 d a y s  p o s t in fec t io n .  Generalized 
ly m p h a d e n o p a th y  p e r s i s te d  th r o u g h o u t  in fec t io n  in  do g s  in  g ro u p  2. No 
d if fe re n c e s  in th e  s e v e r i ty  of a c u te  clin ical s ig n s  was a p p re c ia te d  
in dogs  of similar a g es  b e tw een  g ro u p  1 a n d  g ro u p  2.
Of th e  7 dogs  in g ro u p  1, 6 w ere  e u th a n i t iz e d ,  a n d  1 (Dog K) was 
fo u n d  dead  in i t s  cage  one  m orn ing  a f t e r  be in g  norm al th e  p rev io u s  
ev en in g . The 6 dogs t h a t  w ere  e u th a n i t iz e d  h ad  an  mean rec ta l  
t e m p e ra tu re  of 97.6 ± 2.0°F (1 SD) b e fo re  e u th a n a s ia ,  while all o th e r  
d ogs  re c o rd e d  an  a v e ra g e  minimum re c ta l  t e m p e ra tu re  of 101.9 -t 0.5°F 
(1 SD) be tw een  d a y s  1 a n d  30 . The s u rv iv a l  r a t e  from a cu te  d isease  
of dogs  in g ro u p s  1 and  2 was 0%, 50%, 100%, a n d  50% in dogs aged  4, 
5, 13, and  47 w eeks re s p e c t iv e ly .  The s u rv iv a l  r a t e  was g en e ra l ly  
h ig h e r  and  th e  le n g th  of time from o n s e t  of c lin ical s ig n s  to  dea th  
was lo n g e r  in  do g s  th a t  w ere  in fe c ted  a t  an  o ld e r  age.
C hronic  d isea se  -  Five dogs  s u rv iv e d  th e  a c u te  s ta g e  (g ro u p  2). 
P r io r  to  d ev e lop ing  s ig n s  of ch ro n ic  d isea se ,  d o g s  in  th is  g ro u p  
e n te r e d  a la te n t  o r  in d e te rm in a te  s ta g e  of th e  d isease . Dogs w ere 
a s s e s s e d  to  hav e  e n te r e d  th e  in d e te rm in a te  s ta g e  w hen  th e y  re c o v e re d  
from th e  clinical s ig n s  of th e  a c u te  s ta g e  an d  rem ained  clinically 
normal w ith  normal ECGs (B arr  e t  al., -  C h ap te r  6), w hen pa ras item ias  
became n e g a t iv e  by  th e  th ic k  sm ear m ethod, and  th e y  had a n t ib o d ie s  to 
T. c ru z i  (B arr  e t  al., -  C h ap te r  7). This c r i t e r i a  was met by day  30
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pi in  all dogs in  g ro u p  2. Time from o n s e t  of th e  in d e te rm in a te  s tag e  
to  when do g s  deve loped  clin ical s ig n s  an d  ECG m an ifes ta tions  of 
ch ro n ic  d isea se  r a n g e d  from 27 to  139 days .
Clinical s ig n s  of ch ro n ic  d isea se  w ere  more in s id io u s  in  o n s e t  
th a n  th o se  of a c u te  d isease ,  a n d  w ere  a sso c ia te d  w ith  a  g ra d u a l  loss  
of c a rd iac  fu n c tio n .  The f i r s t  ab n o rm ality  d e te c te d  was fem oral p u lse  
d e fic its  in  a sso c ia t io n  w ith  v e n t r i c u la r  b a se d  c a rd iac  a r rh y th m ia s  
d e te c te d  by  e le c t ro c a rd io g ra p h y ,  th e  d e ta i ls  of w hich a re  p r e s e n te d  
e lsew h ere  (B arr  e t  al., -  C h ap te r  6). Exerc ise  in to le ra n c e  was 
o b s e rv e d  w ith in  2 w eeks of th e  developm ent of a r rh y th m ia s  in  all dogs 
an d  was th e  on ly  clin ical s ign  of ch ro n ic  d isease  fo u n d  in dogs  
in fec ted  a t  13 an d  47 w eeks pi. Weak p u lse  a n d  slow ca lla ry  re fill  
time q u ick ly  p r o g r e s s in g  to  muscle w eak n ess  an d  o r th o p n e a  o c c u r re d  in 
th e  2 y o u n g e s t  dogs  in  g ro u p  2. These  s ig n s  w ere  soon followed by 
m arked  a sc i te s ,  hepatom egaly  an d  ju g u la r  v e in  d is te n s io n ,  which 
p re c i ta t e d  th e  decis ion  to  e u th a n i t iz e  th e  dogs.
Hematology and  serum  b io ch em is try  -  All dogs  in g ro u p  1, 2 and  3 (all 
T. c ru z i  in fe c ted  dogs) show ed similar hematological r e s p o n s e s  d u r in g  
th e  f i r s t  35 d a y s  of in fec tion . A sum m ary of hem atological r e s p o n se s  
is shown in f ig u re  1. Total WBC c o u n ts  from in fe c te d  dogs  fell by  day  
7 pi to  s ig n if ic a n t ly  (P < 0.05) low er leve ls  th a n  c o n tro l  dogs. From 
day  7 to  20 pi, WBC c o u n ts  ro se  to  an  a v e ra g e  level of 16.5 X 103/u l .  
This was s ig n if ic a n t ly  h ig h e r  th a n  co n tro l  v a lu es ,  b u t  th e  mean was 
w ith in  th e  la b o ra to ry  re f e re n c e  ra n g e .  L eukocy te  c o u n ts  rem ained 
w ithin th e  re f e re n c e  l 'ange (6 -  17 X 103 c e l ls /u l)  an d  va lues  in
in fec ted  dogs did n o t v a r y  from co n tro l  v a lu es  t h r o u g h o u t  th e  r e s t  of
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th e  experim ental period .
The a v e ra g e  segm en ted  n e u tro p h i l  c o u n t  in  T. c ru z i  in fe c ted  dogs 
fell below co n tro l  dog v a lu e s  by  PID 7 (Fig. 1). However, like WBC 
va lu es ,  n e u tro p h i l  c o u n ts  in  in fe c ted  dogs  s ta y e d  w ith in  th e  
la b o ra to ry  re f e re n c e  r a n g e  (3 -  11.5 X 103/u l ) ,  an d  did  n o t  v a ry
s ig n if ic an tly  from co n tro l  dog v a lu e s  t h r o u g h o u t  th e  r e s t  of th e  
experim en ta l period .
The mean lym phocy te  c o u n ts  in  in fe c ted  d o g s  w ere  s ig n if ic an tly  
h ig h e r  th a n  th e  co n tro l  dog mean c o u n ts  (P < 0.05) an d  w ere  above  th e  
la b o ra to ry  r e f e re n c e  r a n g e  PID 14 an d  20 (Fig. 1). Values in  in fe c ted  
dogs r e tu r n e d  to  th e  r e fe re n c e  r a n g e  by  DPI 35 and  rem ained  th e r e  
th ro u g h o u t  th e  exper im en ta l p e r io d  in all T. c ru z i  in fe c ted  dogs 
(Fig. 1).
Of th e  serum  b iochem is try  p a ra m e te rs  examined, on ly  ALT, AST, SUN, 
glucose, and  CK v a lu es  w ere  s ig n if ic an tly  d i f f e r e n t  from con tro l.  A 
summary of th e  ALT, AST, SUN, an d  g lucose  v a lu e s  fo r  all clinical 
g ro u p s  p r io r  to  an d  a t  p eak  a c u te  c linical d isease  is p r e s e n te d  in 
tab le  3. Dogs in g ro u p  1 had  s ig n if ican tly  h ig h e r  ALT, AST, SUN, and  
s ig n if ic an tly  lower serum  glucose  levels  a t  th e  peak  of clinical 
d isease  (p r io r  to  e u th an a s ia )  th a n  p re - in fe c t io n  v a lu e s  o r  v a lu es  
from dogs  of o th e r  clin ical g ro u p s .  These  v a lu es  w ere  a lso  above  
(ALT, AST, SUN) o r  below (g lucose) th e i r  la b o ra to ry  r e f e re n c e  ra n g e s .  
A lthough  lower th a n  g ro u p  1, v a lu e s  from  do g s  in  g ro u p  2 w ere  
s ig n if ic an tly  d i f f e r e n t  (P < 0.05) from p re in fe c t io n  v a lu es ,  b u t  only 
ALT and  AST v a lu es  were above  la b o ra to ry  r e f e r e n c e  r a n g e s .  At no time 
did serum  b iochem istry  v a lu e s  v a r y  be tw een  in fe c ted  dogs w ith in  a 
p a r t ic u la r  age  g ro u p  w ithin  clinical g ro u p s ,  o r  be tw een  dogs in fec ted
131
w ith th e  T c -0  o r  Tc-A iso la tes .  Also, a t  no time th r o u g h o u t  the  
experim en ta l p e r io d  did serum  b io ch em is try  v a lu e s  from dogs in g ro u p  
3 d if fe r  s ig n if ic a n t ly  from co n tro l  o r  la b o ra to ry  r e f e re n c e  v a lues .
Serum  to ta l  CK a n d  CK-MM isoenzym e a c t iv i t ie s  w ere  mildly 
in c re a se d  in  1 T c -0  in fe c ted  dog from g ro u p  1 (Dog K) on  PID 24. Dogs 
in fec ted  w ith  T c -0  a t  13 an d  47 w eeks  of age  showed e lev a tio n s  in 
mean to ta l  serum  CK a n d  CK-MM isoenzym e a c t iv i t ie s  on PDI 24. In  th is  
dog to ta l CK ac tiv i t ie s  in c re a s e d  4 fold (from 78 to  310 IU /L ) and  
CK-MM in c re a se d  7.5 fold (from 31 to  234 IU /L ) from PID 19 to  24. 
Total mean CK an d  mean CK-MM isoenzym e from co n tro l  dogs (g ro u p  4) of 
th e  same age  g ro u p  as Dog K from day  0 to  29 w ere  82.8 i  42.8 (SD) 
IU /L  and  40.6 ± 13.9 (SD) IU /L  re sp e c t iv e ly .
T here  was no d if fe ren c e  in to ta l  LDH o r  LDH isoenzym e serum  va lues  
be tw een  u n in fe c te d  con tro l  an d  T. c ru z i  in fe c ted  dogs. Nor w ere  th e re  
d i f fe ren c es  be tw een  T c-0  a n d  Tc-D in fec ted  dogs. Mean to ta l  LDH 
v a lu es  from PID 0 to 29 (6 sam pling times p e r  dog) w ere  100.4 ± 33.7 
(SD) and  79.6 i  26.6 (SD) fo r  dogs in fe c ted  a t  13 an d  47 weeks 
re sp ec t iv e ly .
Parasitem ia  -  All in fe c ted  dogs (g ro u p s  1, 2 and  3) developed
p aras i tem ias  q u an tif iab le  b y  th e  th ic k  sm ear m ethod excep t one Tc-0  
in fec ted  dog (Dog Z) an d  do g s  in fe c ted  w ith  Tc-D a t  4 an d  5 w eeks of 
age. D iffe rences  in  p a ra s i tem ia s  a s  q u a n tif ied  b y  th e  th ic k  smear 
method d ep en d e d  on th e  age  a t  w hich dogs  w ere  in fec ted  an d  not on the  
clinical s t a tu s  of in fec tion . These  d if f e re n c e s  a re  shown in f ig u re  
2. Dogs in fe c ted  a t  4 w eeks of age  w ith  Tc-A developed  h ig h e r  
pa ras i tem ias  th a n  dogs in fe c ted  w ith  T c -0  o r  Tc-A a t  5 w eeks of age.
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Similarly, dogs  in fec ted  a t  5 w eeks of age  w ith  T c -0  o r  Tc-A 
developed  h ig h e r  pa ra s i tem ia s  th a n  dogs  in fe c ted  w ith T c -0  a t  13 
w eeks of age . T here  was no d if fe ren c e  (P < 0.05) be tw een  th e  level of 
p a ra s i tem ia  in dogs in fec ted  w ith T c -0  o r  Tc-A iso la tes  in th e  5 week 
old g ro u p .
Of th e  12 dogs  in  g ro u p s  1 a n d  2, p a ras i tem ias  could be q u an tif ied  
u s in g  th ic k  sm ear method in  8 of 12 b y  PID 3, a n d  in  th e  o th e r  4 dogs 
by  PID 6. P aras item ias  in  th e  5 dogs  in g ro u p  2 became n e g a t iv e  by 
th e  th ic k  sm ear method on th e  a v e ra g e  27.8 ± 3.8 (SD) d a y s  pi. Blood 
c u l tu re d  in  LIT was p os it ive  on PID 52 a n d  140 fo r  4 of th e s e  do g s  as 
well as  d ay s  240 fo r  3 o th e rs .
P a ras item ias  as  q u an tif ied  by  th e  th ic k  sm ear method in dogs  in 
g ro u p  3 w ere  m arked ly  lower be tw een  PID 3 and  30 th a n  th o se  in g ro u p s  
1 and  2, an d  a re  no t showrn in f ig u re  2. P aras item ias  w ere  h ig h  en o u g h  
to be q u a n t if ie d  by  th e  th ic k  sm ear method by  PID 6 in Tc-D in fec ted  
d ogs  in fe c ted  a t  4 and  5 w eeks of age. Mean pa ra s i tem ia s  fo r  th e se  
Tc-D in fe c ted  dogs s ta y e d  be tw een  104 an d  105 try p o m as t ig o te s  p e r  ml 
of blood b e tw een  PID 6 to  33. A fte r  PID 33, LIT blood c u l tu r e s  w ere
p os it ive  on PID 52, 140, 240 322 an d  459 in  all Tc-D in fe c ted  dogs
an d  on PID 493 in dog 1/4. P a ras item ias  could no t be q u a n tif ied  u s in g  
th e  th ic k  sm ear method in dogs in fec ted  w ith Tc-D a t  13 and  47 weeks. 
However, all dogs w ere  blood c u l tu re  p os it ive  on PDI 15 an d  140, 1
was po s i t iv e  on PDI 52, and  2 w ere  p os it ive  on PDI 240.
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D iscussion
N a tu ra l c a se s  of a c u te  an d  ch ro n ic  can ine  t ry p a n o so m ia s is  have 
been  r e p o r te d  in  N orth  America. L2*4-6 These  r e p o r t s  hav e  p ro v id e d  
much in form ation  on th e  clin ical p re s e n ta t io n  of a c u te  c a s e s  a n d  th e  
p a th o lo g y  of a c u te  a n d  ch ro n ic  d isease . R esu lts  of th e  p r e s e n t  s tu d y  
show th a t  dogs  in fe c ted  w ith  T. c ru z i  iso la tes  from a n  opossum  and  
arm adillo  from Louisiana  develop  a c u te  d isea se  sim ilar to  th a t  
d e s c r ib e d  in n a tu ra l  c a se s  of a c u te  can ine  try p a n o so m ia s is  in  N orth  
A m e r i c a . L 2 , 4 , 5  ^  th i r d  iso la te  from a dog p ro d u c e d  m inor pa th o lo g y  
an d  no c lin ical d isease  in  dogs. Dogs t h a t  s u rv iv e d  th e  a c u te  s ta g e  
p ro g r e s s iv e ly  developed  o v e r  s e v e ra l  m onths, ch ro n ic  d isea se  similar 
to  t h a t  d e sc r ib e d  in  n a tu ra l  c ase s  of ch ro n ic  can ine  
t ry p a n o so m ia s is .6 F u r th e rm o re ,  th e  tem pora l re la t io n s h ip  be tw een  and  
th e  p ro g re s s io n  of c linical s ig n s ,  clin ical pa tho log ica l c h a n g e s  an d  
paras i to lo g ica l  c h a n g e s  in T c -0  an d  Tc-A in fec ted  dogs  re sem b le s  the  
th r e e  p h a se s  of C h ag a s ’ d isea se  in man. In  man, th e  f i r s t  s tag e  
(acu te  p h ase )  is u su a l ly  asym ptom atic , a l th o u g h  in fec t io n  can  
m an ifes t  w ith  s ig n s  of a c u te  i l lness  a f t e r  an  in c u b a t io n  p e r io d  of 1 
to  3 w eek s .13 Acute i l lness  u su a l ly  o c c u r s  in y o u n g  in fa n ts  u n d e r  2 
y e a r s  of age  a n d  is a sso c ia te d  w ith  h ig h  pa ra s i tem ia s ,  m yo card it is  o r  
en cep h a li t is .  An in d u ra te d  sk in  lesion  a t  th e  p o in t of e n t r y  of th e  
organ ism , a  chagom a may be p r e s e n t  w ith in  th e  f i r s t  3 w eeks  pi. Death 
from a cu te  d isease  is es tim ated  to  o c c u r  in le ss  th a n  2% of c a s e s .13 
In  th e  second , o r  in d e te rm in a te  p h a se ,  p a t ie n ts  h av e  low p a ras i tem ias  
and  a n t ib o d ie s  to  T. c ru z i  b u t  rem ain asym ptom atic  o f ten  fo r  decades . 
Some p a t ie n ts  in th e  in d e te rm in a te  p h a se  p r o g r e s s  to  develop  ch ron ic  
d isease . This s tag e  is reco g n ized  by  e lec tro c a rd io g ra p h ic  (ECG)
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abnorm alit ie s  a n d  clin ical s ig n s  an d  p a th o lo g y  a sso c ia ted  with 
c h ro n ic  card iom yopathy .
The a c u te  s tag e  in  d o g s  in fe c te d  w ith  T c -0  a n d  Tc-A was similar to  
t h a t  seen  in  man. Following in fec tio n ,  do g s  rem ain  asym ptom atic  fo r  2 
to  3 w eeks (av e rag e ;  17 d a y s  pi). D uring  th i s  p e r io d , p a ras i tem ias  
p ro g r e s s iv e ly  in c re a s e d  a n d  p e a k e d  a t  o r  w ith in  2 d a y s  of th e  o n se t  
of clin ical s ig n s .  Clinical s ig n s  in  s e v e re ly  a f fe c te d  dogs  w ere  
a sso c ia te d  w ith  a cu te  m yo card it is  an d  w ere  sim ilar to  th o se  d e sc r ib e d  
in  dogs  w ith  a cu te  t ry p a n o so m ia s is  a n d  people  w ith  a cu te  C h ag as ’ 
d is e a se .1*14*15 G enerally , th e  o ld e r  th e  dog w hen  in fe c ted  w ith  T c-0  
o r  Tc-A, th e  le ss  s e v e re  th e  c lin ical s ig n s .  In  o ld e r  dogs , th e  s ig n s  
w ere  r e s t r i c t e d  to  mild d e p re s s io n ,  p a r t ia l  ano rex ia  a n d  genera lized  
ly m p h a d e n o p a th y  which may no t be reco g n ized .  A la rg e  p ro p o r t io n  of 
hum an p a t ie n t s  a re  a lso  asym ptom atic  e x cep t  fo r  ly m p h a d e n o p a th y .13 
The e lec tro ca rd io g ram  is u s u a l ly  abnorm al d u r in g  a c u te  d isease  in 
d o g s  an d  has  be d e sc r ib e d  e lsew h e re  (B arr  e t  al., -  C h ap te r  6). 
Chagomas w ere  no t o b s e r v e d  in  a n y  dogs  in  th i s  s tu d y .  This is similar 
to  p re v io u s  r e p o r t s  a l th o u g h  in 1 s tu d y ,  3 of 12 dogs  in fec ted  with a 
S ou th  American T. c ru z i  iso la te  deve loped  chagom as a t  th e  in jec t io n  
s i te .16
A bsolu te  lym phocy tos is  deve loped  in  all T. c ru z i  in fe c ted  dogs in 
th e  p r e s e n t  s tu d y .  This co incided  app rox im a te ly  w ith  th e  o n s e t  of 
ly m p h ad en o p a th y , an d  p ro b a b ly  o c c u r re d  in  r e s p o n s e  to  an tig en ic  
s tim ula tion  of th e  immune sy s tem  b y  th e  o rgan ism . Absolute 
lym phocy tos is  has  been  r e p o r te d  in some do g s  an d  most c h i ld re n  a f t e r  
th e  f i r s t  week of i l ln e s s .1*17 E leva tions  of ALT have  b een  r e p o r te d  
in n a tu ra l  a c u te  case s  of can ine  t ry p an o so m ias is  an d  is  th o u g h t  to  be
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due  to  anoxic dam age a sso c ia te d  w ith  h ep a tic  p a ss iv e  co n g es t io n  a s  a 
r e s u l t  of r i g h t  h e a r t  f a i lu re .1 E leva tions  of AST could  hav e  been  
c au s e d  b y  h ep a tic  c o n g es tio n  o r  m yositis . Ju v en i le  m onkeys with a cu te  
T. c ru z i  in fe c t io n s  h a v e  a lso  b een  r e p o r te d  to  h av e  AST an d  ALT 
e le v a t io n s .18 E leva tions  of SUN in  dogs  p r io r  to  d e a th  w as p ro b a b ly  
due  to  a  d e c re a se  in  g lom eru la r  f i l t ra t io n  r a t e  s e c o n d a ry  to  le f t  
v e n t r i c u la r  fa i lu re .  Hypoglycemia could  have  b een  c a u se d  by  h ep a tic  
d y s fu n c t io n  a s  a r e s u l t  of r i g h t  c o n g es t iv e  fa i lu re .  M arked 
e lev a tio n s  of ALT, AST, a n d  SUN, an d  hypoglycem ia  w ere  a sso c ia ted  
w ith  an  u n fa v o ra b le  outcome fo r  T c -0  a n d  Tc-A in fe c ted  dogs.
E leva tions  of CK an d  LDH a re  in d ic a to rs  of m uscle dam age w h e th e r  
sk e le ta l ,  c a rd iac  o r  smooth muscle. In  s p i te  of h is to log ical ev id en ce  
of m arked  m yositis  in a c u te ly  in fe c ted  dogs  (B arr  e t  al., -  C h ap te r  
8), o vera ll  CK a n d  LDH e lev a tio n s  w ere  no t o b s e rv e d .  The re a so n  fo r  
su c h  low levels  may re f le c t  th e  s h o r t  ha lf  life of th e s e  enzym es in 
th e  dog. More f r e q u e n t  sam pling  a n d  sam pling c lo se r  to  th e  time th e  
a cu te  m y o card it is  o c c u r re d  may hav e  been  more re w ard in g .  Also focal 
damage may no t cau se  s ig n if ic a n t  enzym e e leva tions . T h e re  a r e  few 
r e p o r t s  of CK and  LDH a l te ra t io n s  in  ch ag as ic  m yocard itis .  E levations 
of to ta l  LDH as  well a s  th e  isoenzym es LDH1 an d  LDH2 have  been  
r e p o r te d  in  mice.19 Total LDH was in c re a s e d  in T. c ru z i  in fec ted  
ju v e n i le  m on k ey s .18 This c o n t r a s t s  w ith  o th e r  r e p o r t s  w hich  show no 
in c re a s e  in  to ta l  LDH o r  LDH isoenzym es in  T. c ru z i  in fec ted  
m on k ey s .20-21 Our r e s u l t s  s u g g e s t  t h a t  th e s e  enzym es an d  th e i r  
isoenzym es a re  no t a p ra c t ica l  d iag n o st ic  aid in a s s e s s in g  m yocardial 
damage in dogs  w ith a c u te  try p an o so m ias is .
The c r i t e r ia  u sed  to a s s e s s  w hen dogs  e n te r e d  th e  in d e te rm in a te
136
s ta g e  was similar to  t h a t  u sed  in  m an.13 S igns  of m yocard itis  had  
a b a te d  an d  ECG abnorm alit ie s  had  im proved  o r  d is a p p e a re d  (B arr  e t  
al., -  C h ap te r  6). In  man, only  24% of p a t ie n ts  in  th e  in d e te rm in a te  
p h a se  will develop  m an ife s ta tio n s  of ch ron ic  d isea se  w ith in  10 y e a rs .
In  com parison , all T c -0  an d  Tc-A in fe c ted  d o g s  t h a t  s u rv iv e d  th e  
a c u te  s ta g e  developed  ch ro n ic  d isea se  a f t e r  77 d a y s  on th e  av e rag e .
I t  would a p p e a r  t h a t  th i s  p h a se  is  a c c e le ra te d  in  th e  dog. This is  in 
ag re em e n t  w ith  p re v io u s  s tu d ie s  in  do g s  in fe c ted  w ith  S ou th  American 
T. c ru z i  i so la te s .22-24
The exac t time of o n s e t  of ch ro n ic  d isea se  was d iff icu l t  to 
de te rm ine  in dogs. This is  p a r t ia l ly  b ecau se  ECG t r a c in g s  p a ss e d  
th r o u g h  p e r io d s  of norm ality  m aking i t  d iff icu l t  to  d e te c t  th e  f i r s t  
a p p e a ra n c e  of v e n t r ic u la r  b a se d  a r rh y th m ia s .  This a lso  o c c u r s  in 
man.25 A lthough  th e  developm ent of v e n t r ic u la r  b a se d  a r rh y th m ia s  is 
o f ten  u sed  as  one c r i t e r ia  to  p r e d ic t  th e  o n s e t  of ch ro n ic  d isease  in 
man, it  on ly  r e p r e s e n t s  an  a r b i t r a r y  p o in t  in  th e  continum  of 
m yocardial d e g e n e ra t io n .25'26 The o n s e t  of c linical s ig n s  a s  a  r e s u l t  
of m yocardial d e g e n e ra t io n  a p p e a r  much la te r ,  o f ten  y e a r s ,  th a n  ECG 
abno rm a li t ie s .26 Two of th e  5 ch ro n ica lly  a ffe c ted  dogs  developed  
clinical s ig n s  of h e a r t  fa ilu re . The s ig n s  in  th e s e  dogs w ere  
a sso c ia ted  of le f t  v e n t r ic u la r  fa i lu re  w hich was v e r if ie d  by  
e ch o ca rd io g i 'ap h y  (B arr  e t  al., -  C h ap te r  6). As m yocardial 
d e g en e ra t io n  p r o g r e s s e d ,  s ig n s  of b iv e n t r ic u la r  fa i lu re  o c c u r re d .  
This also  o c c u rs  in hum an p a t ie n t s .26 F u r th e rm o re ,  d ilational
card io m y o p a th y  w ith  b iv e n t r ic u la r  fa i lu re  was th e  cau se  of d ea th  in 
two n a tu ra l ly  in fec ted  dogs  w ith  ch ro n ic  d isease  re c e n t ly  r e p o r te d  in 
North America.6
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The m arked  sim ilarity  be tw een  th e  c linical s ig n s  and  clinical 
pa th o lo g y  in  T c -0  an d  Tc-A in fe c ted  dogs and  dogs  w ith  n a tu ra l  
ch ron ic  try p an o so m ias is  in N orth  America s u g g e s t s  t h a t  th e  T. c ru z i 
iso la tes  t h a t  in fe c t  opossum s an d  arm adillos  may be re p o n s ib le  fo r  
th e  n a tu ra l  d isease  in  dogs. The p re v a le n c e  r a t e s  of T. c ru z i  
in fec tion  in opossum s a n d  arm adillos  in Louisiana a re  h igh  and  
d is cu s sed  e lsew here  (B arr  e t  al., -  C h ap te r  1). I t  is like ly  th a t  
th e s e  sp ec ie s  form a r e s e r v o i r  of in fec tion  fo r  dogs. However, th e  
mode of t ra n sm is s io n  to  do g s  is  unknow n. V ectors  a r e  common in th e  
s o u th e r n  s ta t e s  of N orth  America an d  hav e  b een  r e p o r te d  to  have  an  
in fec tion  r a t e  of 20%.8 F u r th e rm o re ,  v e c to r s  hav e  been  found  to  live 
in close assoc ia tion  w ith  some dogs t h a t  hav e  been  n a tu ra l ly  in fec ted  
in N orth  America.1
The lack of clinical s ig n s ,  clinical pa tho log ical c h a n g e s  an d  low 
p a ras i tem ias  in Tc--D in fe c ted  d o g s  in d ic a te s  th a t  th is  iso la te  is 
m arked ly  le ss  v i ru le n t  to  dogs th a n  th e  T c -0  and  Tc-A iso la tes . 
F u r th e rm o re ,  th e  c linical s ig n s  a n d  pa th o lo g y  p ro d u c e d  in Tc-D 
in fec ted  dogs a re  similar to  th o se  d e sc r ib e d  in th e  dog from w here  
th e  o rgan ism  was o r ig in a lly  iso la ted .3
The a u th o r s  a r e  aw are  of only  one o th e r  r e p o r t  of experim en ta l 
in fec t io n s  in dogs u s in g  a  T. c ru z i  iso la te  from a wild h o s t  from 
N orth  America.10 Goble (1958) in fe c ted  dogs w ith  a T. c ru z i  isola te  
from a  raccoon  t r a p p e d  in  M aryland in 1956.10 A lthough th e  dogs 
developed  low pa ras i tem ias  a n d  p a r a s i te s  in  ca rd iac  t i s s u e s ,  th e y  did 
no t develop  clinical s ig n s ,  le is ions o r  die from infec tion . D irect 
com parisons  be tw een  th is  p re v io u s  s tu d y  a n d  th e  s tu d y  re p o r te d  h e re  
a re  d iff icu lt  a s  th e  in fe c t in g  dose of c u l tu re  form o rgan ism s  was not
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s ta n d a rd iz e d  in th e  p re v io u s  s tu d y .  However, th e s e  f in d in g s  were 
re m a rk a b ly  similar to  th o s e  d e sc r ib e d  h e re  in Tc-D in fe c ted  dogs. 
These  r e s u l t s  s u g g e s t  t h a t  th e r e  a re  a t  le a s t  2 iso la tes  of T. c ru z i  
in N orth  America t h a t  v a r y  in  th e i r  v i ru le n c e  to  dogs. F u r th e rm o re ,  
th e  f in d in g s  th a t  Tc-D is m arked ly  d i f f e r e n t  in  i t s  in fe c t iv i ty  
c h a r a c te r i s t i c s  to  dogs th a n  T c -0  an d  Tc-A is c o n s is te n t  with 
p re v io u s  f in d in g  (B arr  e t  al., -  C h ap te r  3 -a n d  4).
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TABLE 1 -  D e ta i l s  o f  th e  c l i n i c a l  response  g roup ings , age, sex , and
weight when in f e c te d ,  th e  in f e c t io n  dose , d u ra t io n  and outcome o f 
i n f e c t io n  in  pure bred  b eag le  dogs which were in f e c te d  subcu taneously  
w ith  c u l tu r e  form T. c ru z i  t ry p o m a s t ig o te s  i s o l a t e d  from an opossum 
(Tc-O), an a rm a d il lo  (Tc-A), o r  a  dog (Tc-D).











In f e c t io n  
( i s o l a t e )
Dose 
(X 106 )
D ura tion  of 
in f e c t io n  
(Days)
1 I 1/1 4 F 0 .8 Tc-A 4 .0 17*
I 1/2 4 F 1.0 Tc-A 5.0 16*
I 1/3 4 F 1.0 Tc-A 5.0 15*
I 1/5 4 F 0 .9 Tc-A 4.5 16*
II 11/2 5 F 1.7 Tc-0 8 .5 21*
II 11/3 5 M 1.6 Tc-A 8 .0 20*
I I I K 47 F 6.7 Tc-0 20.0 28*
2 II I I / l 5 M 1.6 Tc-0 8 .0 289*
II 11/4 5 F 1.7 Tc-A 8 .5 149*
I I I 31 13 M 2.8 Tc-0 14.0 240
I I I 34 13 M 3.2 Tc-0 16.0 240
I I I Z 47 F 7.0 Tc-0 20.0 240
3 I 1/4 4 M 0.9 Tc-D 4.5 493
II I I / 5 5 M 1.7 Tc-D 8 .5 459
II 11/6 5 F 1.5 Tc-D 7.5 459
I I I 32 13 M 3.5 Tc-D 16.5 240
I I I 35 13 M 4.0 Tc-D 20.0 240
I I I U 47 F 8 .0 Tc-D 20.0 240
I I I A 47 F 6.5 Tc-D 20.0 240
4 I I I 33 13 M 3.5 - — 240
I I I 36 13 F 3.2 - - 240
I I I C 47 F 6.3 - - 240
I I I F 47 F 6 .0 — — 240
* Died o r  e u th an ized  because o f  sev e re  d is e a s e  s t a t u s
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TABLE 2 -  The tem poral r e l a t i o n s h i p  between th e  o n se t  o f  a cu te
c l i n i c a l  s ig n s  (OACS), peak p a ra s i te m ia  (PP), and d e a th  in  dogs t h a t  
d ied  d u rin g  acu te  d is e a s e  (group 1 ) ,  and recovery  in  dogs t h a t  
recovered  from a cu te  d is e a s e  (group 2 ) .
Occurrance o f  c l i n i c a l  pa ram ete rs  o f  a c u te  d is e a s e  
mean days p o s t  i n f e c t io n  (range)
Groups OACS PP Death Recovery
1 16.4 (14-20) 16.7 (15-21) 18.9 (15-27)
(n=7)
2 18.4 (16-21) 17.5 (15-21) -  25.0  (23-28)
(n=5)
n Number of dogs in  each group
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TABLE 3 -  Mean ± SD o f  a s p a r t a t e  a m in o tra n s fe ra se  (AST), serum
a la n in e  a m in o tra n s fe ra se  (ALT), u re a  n i t r o g e n  (SUN), and g lucose  (Gl) 
a t  p r e - i n f e c t i o n  (P I)  and a t  th e  peak o f  a cu te  c l i n i c a l  d is e a s e  (PD) 
in  Tc-0 and Tc-A in f e c te d  dogs t h a t  d ie d  o f  a cu te  d i s e a s e  (Group 1), 
Tc-0 and Tc-A in f e c te d  dogs t h a t  s u rv iv e d  a cu te  d is e a s e  (Group 2 ) ,  
Tc-D in f e c te d  dogs (Group 3 ) ,  and u n in fe c te d  c o n t ro l  dogs (Group 4 ) .  
Samples f o r  PD in  Group 3 and Group 4 were taken  when dogs o f  the  
same age group in f e c te d  w ith  Tc-0 and Tc-A were s u f f e r in g  from acu te  
d is e a s e .
Serum Group 1 Group 2 Group 3 Group 4
pa ram ete rs  (n=7) (n=5) (n=7) (n=4)
AST* PI 20.6 ± 5 .3 23.6  * 6.2 22.0  £ 2 .7 23.5 £ 5.7
PD 609.6 ± 384.2* 259.4 ± 190.1* 27.3 £ 6.6 24.5 £ 4.1
ALT* PI 16.1 i 6 .4 18.8 ± 5.4 22.9 * 9 .6 25.3 ± 4 .0
PD 623.6 * 190.0* 263.8 ± 220.6* 21.9  * 5.7 24.5 £ 2.5
SUN** PI 11.4 i 2 .0 11.8 ± 4.5 14.4 i 4 .3 9.8 -*- 1.5
PD 38.4 i 13.5* 24.2 * 5.6* 16.1 * 1.9 11.0 *- 2 .0
Gl* * PI 134.0 * 13.9 128.0 * 11.9 121.3 * 17 117.8 -*-16.2
PD 70.6 * 27.6* 101.4 .*. 8.0* 116.9 i 10.5 107.0 £10.2
n Number o f  an im als  in  each group 
+ Measured in  IU/L 
** Measured in  mg/dl
* S ig n i f i c a n t l y  d i f f e r e n t  (P < 0 .05) from PI v a lu e s  w ith in  th e  serum 
param eter .
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F ig u re  L eg en d s
F ig u re  1. -  Mean v a lu e s  of to ta l  leu k o cy te  c o u n t,  a b so lu te  n e u tro p h i l  
c o u n t ,  a n d  a b so lu te  lym phocy te  c o u n t  of T. c ru z i  in fe c ted  dogs  (©—o), 
a n d  u n in fe c te d  co n tro l  do g s  (•— •) from day  0 to  35 p o s t  infec tion . 
B ars  r e p r e s e n t  th e  s t a n d a r d  e r r o r  of th e  mean.
F ig u re  2. -  P a ras item ias  in  in d iv id u a l  dogs  in fe c ted  w ith  T c -0  o r  Tc- 
A T. c ru z i  iso la tes  from d ay  0 to  35 p o s t  in fec tion . The age  a t  which 
th e  dogs  w ere  in fe c ted  is in  th e  u p p e r  le f t  h an d  c o rn e r  of each  
panel. Each g ra p h  is id e n t i f ie d  b y  th e  dogs id e n t i ty .  * in d ica te s  
t h a t  th e  dog was e u th a n i t iz e d  o r  d ied  a t  th i s  time.
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CHAGAS* DISEASE IN DOGS PRODUCED BY NORTH AMERICAN 
TRYPANOSOMA CRUZI ISOLATES
S te p h e n  C. B arr ,  R ober t  A. Holmes, Thomas R. Klei
To be su b m it te d  to  th e  American J o u rn a l  of Card io logy
150
A b s t ra c t : P u re  b re d  beag le  dogs  w ere  in fec ted  w ith  T. c ru z i  iso la tes  
from a N orth  American wild h o s ts  (Tc-W) in c lu d in g  an  opossum  (Tc-O) 
an d  an  arm adillo  (Tc-A), an d  a  domestic dog (Tc-D) from North 
America. Dogs in fe c ted  w ith  Tc-D did no t develop  card iac
abnorm alities . Dogs in fe c ted  w ith  Tc-W developed  a c u te  m yocard itis  
a sso c ia ted  w ith in c re a s e s  in P-R in te rv a l ,  A-V block , d e p re s s io n  of R 
wave am plitude  a n d  s h i f t s  in  th e  ME A by  day  20 p o s t  in fec t io n  (pi). 
E chocard iog ram s w ere  norm al d u r in g  th i s  s tag e .  Following th e  acu te  
s tag e ,  5 s u r v iv in g  Tc-WT in fe c te d  dogs  e n te r e d  an  in d e te rm in a te  s tag e  
of th e  d isea se  w h ere  ECGs a n d  ech o ca rd io g ram s  w ere  normal.
P ro g re s s io n  to  th e  ch ro n ic  s ta g e  was in d ic a ted  by  th e  developm ent of 
v e n t r ic u la r  b ased  a r rh y th m ia s ,  in c lu d in g  v e n t r i c u la r  p re m a tu re  
co n tra c t io n s  (VPCs), b e tw een  d a y s  60 an d  170 pi. In  some dogs , VPCs 
were multifocal. E le c tro c a rd io g ra p h ic  abnorm alit ie s  p r o g r e s s iv e ly  
d e g e n e ra te d  to  v a r io u s  fo rm s of v e n t r ic u la r  ta c h y c a rd ia s .  W orsening 
ECGs co incided  w ith loss of le f t  v e n t r i c u la r  fu n c t io n  a s  m easu red  by
e ch o c a rd io g ra p h y .  Mean p e r c e n t  e jec t io n  f ra c t io n  (%EF) and  p e rc e n t
frac t io n a l  s h o r te n in g  (%FS) d e c re a se d  to 63% and  52% of con tro l  
v a lu es  re sp e c t iv e ly .  Left v e n t r i c u la r  f r e e  wall (LVFW) th ic k n e s s  
d e c re a se d ,  an d  % septal:% LVFW th ic k e n in g  ra t io s  in c re a s e d  in d ica t in g  
a  re la t iv e  p re s e rv a t io n  of s ep ta l  wall th ic k n e s s  a n d  LVFW7 th in n in g .  
These  e lec tro c a rd io g ra p h ic  an d  ech o c a rd io g ra p h ic  c h a n g e s  a re  
c o n s is te n t  w ith  th o se  fo u n d  in  hum ans  w ith C hagasic  card iom yopathy . 
These  s tu d ie s  i l lu s t r a te  th e  fe a s ib i l i ty  a n d  po ten tia l  a d v a n ta g e s  of 
th e  dog in fe c ted  w ith N orth  American T. c ru z i  iso la tes  from wild 
mammalian h o s ts  as  a model fo r  hum an Chagasic h e a r t  d isease .
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C h ag as ’ d isease  is e s tim ated  to  a f fe c t  24 million people in 
Latin  America.1 The clinical m an ife s ta t io n s  of C h ag as ’ d isease  have  
b een  d iv ided  in to  th r e e  c lass ica l s ta g e s  of p re s e n ta t io n ;  a cu te ,  
in d e te rm in a te  o r  la te n t ,  a n d  c h ro n ic .2 T h e re  is n o t  an  ideal animal 
model availab le  t h a t  d e sc r ib e s  all t h r e e  p h a se s  of th e  d isease  
a l th o u g h  th e  in b re d  mouse model p ro v id e s  many of th e  re q u i re m e n ts  fo r  
th e  a c u te  d is e a se .3 O ther  animals in c lu d in g  in b re d  mice, m onkeys, 
r a b b i t s  and  dogs hav e  been  u s e d  to  a n sw e r  many of th e  q u e s t io n s  
co n ce rn in g  th e  in d e te rm in a te  a n d ,  to  a  limited ex ten t ,  th e  ch ro n ic  
form of th e  d isea se .4-16 However, a  m ajor s tum bling  block in th e  
r e s e a r c h  e f fo r t s  to e lu c id a te  th e  p a th o g e n e s is  of ch ro n ic  C hagas  
d isease  is th e  lack of a  su itab le  animal model fo r  th is  s ta g e .3 
A lthough o th e r  models o f f e r  a d v a n ta g e s  p a r t ic u la r ly  in r e s p e c t  to  
immunological s tu d ie s ,  th e  dog model has  many a d v a n ta g e s  fo r  th e  
s tu d y  of ch ro n ic  C h ag as ’ d isease . These  inc lude  ease  of h an d lin g , 
re la t iv e  ch eap  co s t  p a r t ic u la r ly  in  com parison  to  m onkeys, 
su i ta b i l i ty  fo r  la rg e  se r ia l  sample s ize a n d  th e  av a ilab il i ty  of th e  
co n s id e ra b le  medical an d  su rg ic a l  base line  inform ation . A nu m b er of 
s tu d ie s  have  d e m o n s tra te d  th e  u s e fu ln e s s  of th e  dog a s  an 
ex per im en ta l model fo r  C h ag a s ’ d isea se  p a r t ic u la r ly  in  th e  s tu d y  of 
th e  pa thologic  an d , a l th o u g h  to  a  l e s s e r  e x ten t ,  e lec tro c a rd io g ra p h ic  
m an ifes ta tions  of in fec t io n .4>6>10'12.17-23 However, m ost of th e s e  
s tu d ie s  w ere  c o n d u c te d  in  an  a s s o r tm e n t  of m ongre ls  of v a ry in g  ag es  
an d  u n know n  d isease  s ta tu s .  F u r th e rm o re ,  th e y  mainly a d d r e s s e d  th e  
a cu te  an d  in d e te rm in a te  s ta g e s  of d isea se  and  fa iled  to  co n v in c in g ly  
d em o n s tra te  two f e a tu r e s  of ch ro n ic  Chagasic h e a r t  d isea se  in  man; 
v e n t r ic u la r  b ased  a r rh y th m ia s ,  an d  le f t  v e n t r ic u la r  ch am b er d ilation
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a sso c ia te d  w ith a  loss  of c a rd iac  func tion .
In  th i s  r e p o r t  we show th a t  do g s  in fe c te d  w ith  N orth  American 
T. c ru z i  iso la tes  develop  a  ch ro n ic  d ila tional c a rd io m y o p a th y  with 
e lec tro c a rd io g ra p h ic  a n d  e c h o c a rd io g ra p h ic  f e a tu r e s  similar to  
ch ro n ic  C hagasic  h e a r t  d isea se  in  man.24 F u r th e rm o re ,  o u r  d a ta  
e x ten d s  th e  e le c t ro c a rd io g ra p h ic  a n d  e c h o c a rd io g ra p h ic  f in d in g s  of 
th e  a c u te  a n d  in d e te rm in a te  s ta g e s  of th i s  d isease .
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MATERIALS AND METHODS
E xperim enta l d e s ig n  a n d  animals: A sum m ary of th e  experim enta l
s u b je c t s ,  d e s ig n  a n d  d u ra t io n  of in fec t io n  a r e  g iv en  in  tab le  1. 
B riefly , 14 p u r e  b re d  beag le  do g s  of 3 d i f f e r e n t  a g e s  w ere  inocu la ted  
w ith one of 3 T. c ru z i  iso la tes  in  2 d i f f e r e n t  exper im en ts .
E xperim en t 1 -  A l i t t e r  of 6 (3 females, 3 males) p u r e  b re d  beag le  
do g s  (Louisiana  S ta te  U n iv e rs i ty  Beagle Colony, Baton Rouge, La) were  
in fe c ted  a t  5 w eeks of age . Dogs w eighed  on a v e r a g e  1.65 kg  (range : 
1.5 to  1.7 kg) w hen  in fe c ted .  A dog of each  sex was in fe c ted  w ith  1 
of th e  3 iso la tes .
Experim ent 2 -  A l i t t e r  of 6 (1 female, 5 males) p u r e  b re d  beagle
dogs  (Louisiana  S ta te  U n iv e rs i ty  Beagle Colony, Baton Rouge, La) w ere  
in fec ted  a t  13 w eeks of age . Dogs w eighed  on  th e  a v e ra g e  3.28 kg  
( range : 3 to  3.6 kg) w hen  in fec ted .  Six female p u re  b re d  specific  
p a th o g e n  f r e e  beag le  dogs  (Hazzleton R esea rch  Animals Inc., 
Cumbei’land , Va) w eighed on  a v e ra g e  6.75 kg  (ran g e :  6 to  8 kg) and
ag ed  47 w eeks old w hen  in fec ted .  Two each  of th e  13 week old males 
and  47 week old female d o g s  w ere  in fe c ted  w ith  T c -0 ,  a n d  2 each  w ere  
in fe c ted  w ith  Tc-D. The 2 rem ain ing  dogs  in each  ag e  g ro u p  s e r v e d  a s  
u n in fe c te d  co n tro ls .
All dogs  w ere  v a c c in a te d  a s  p u p p ie s  a g a in s t  B o rd e te l la . 
p a ra in f lu e n za ,  p a rv o v i ru s ,  d is tem p er  v i r u s ,  h e p a t i t i s  v i r u s ,  r a b ie s  
an d  le p to sp iro s is  a s  p e r  normal pro tocol. They  w ere  dewormed 
re g u la r ly  an d  had  t h r e e  co n se c u t iv e ly  n e g a t iv e  fecal exam inations 
p r io r  to  e n te r in g  th e  s tu d y .  Animals w ere  h o u sed  s in g ly  in  cag es  
in d o o rs  in an AAALAC a c c re d i te d  fac ility  fo r  a  4 week acclim atization
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p erio d  p r io r  to  an d  d u r in g  th e  s tu d y .  They w ere  fed  a  commercial d r y  
dog chow. P r io r  to  in it ia t ion  of th e  s tu d y ,  th e  ex per im en ta l  p ro toco l 
was rev iew ed  a n d  a p p ro v e d  by  th e  U n iv e rs i ty  Committee on th e  Use of 
Humans a n d  Animals a s  R esea rch  S u b je c ts .
P a ra s i te s  a n d  ex p er im en ta l  in fec tions : T rypanosom a c ru z i  iso la tes
w ere  o b ta in e d  from an  opossum  (T c-0 ) ,  an  arm adillo  (Tc-A), a n d  a  dog 
(Tc-D) from L ou is iana  a s  p re v io u s ly  d e sc r ib e d  (B a rr  e t  al., -  C h ap te r  
1 a n d  2).
T ry p o m as tig o te s  w ere  h a r v e s te d  from  A frican  G reen Monkey 
Kidney Cells (Vero ce lls) ,  w ash ed  3 tim es in  Eagle Minimum E ssen tia l  
Media (MEM; Gibco, G rand  Is la n d ,  NY) p lu s  100 IU penicillin , 100 ug 
s tre p to m y c in ,  an d  0.25 ug  o f am pho te r ic in -B  p e r  ml of media 
(an tib io tic s ) ,  co u n ted  in  a  modified N eu b aeu r  hem ocytom eter and  r e ­
s u s p e n d e d  to  a  c o n c e n tra t io n  of 107 p e r  milliliter in  MEM p lu s  
an tib io tic s .
Dogs of bo th  g ro u p s  w ere  inocu la ted  s u b c u ta n e o u s ly  be tw een  
th e  s h o u ld e r  b lad es  w ith  5 X 103 t ry p o m a s t ig o te s  p e r  gm body  w eigh t 
u p  to  a  maximum dose of 2 X 107 o rg an ism s  w ith  e i th e r  Tc-O, Tc-A or 
Tc-D as  show n in  tab le  1. U n in fec ted  c o n tro ls  w ere  in fe c ted  w ith  MEM 
p lu s  an tib io t ic s .
E le c tro c a rd io g ra p h y :  The s t a n d a r d  10 lead  sy s tem  fo r  can in e  ECG 
a n a ly s is  u s in g  a  p o ly g ra p h  re c o rd in g  system  (Model 79D, G rass  
In s t ru m e n ts ,  Q ueincy, Mass.) was u sed  to  r e c o rd  ECGs b e fo re  and  
app rox im ate ly  e v e r y  10 d a y s  p o s t  in fec t io n .27 B riefly , t r a c in g s  from 
3 b ipo la r  s t a n d a r d  lead s  (I ,II, a n d  III) ,  3 au g m en ted  u n ip o la r  limb
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lead s  (aVR, aVL an d  aVF) an d  4 u n ip o la r  p re c o rd ia l  c h e s t  leads 
(CVsRL, CV6LL, CV6LU an d  V10) w ere  re c o rd e d .  Dogs w ere  no t s ed a ted ,  
p laced  in r i g h t  la te ra l  re cu m b en c y  a n d  need le  e le c t ro d e s  w ere  p laced  
su b c u ta n e o u s ly  o v e r  th e  o lec ran o n  p ro c e s s  of th e  elbow a n d  th e  
p a te l la  of th e  s tif le  of b o th  legs. For each  t r a c in g  th e  v o ltage  was 
s ta n d a rd iz e d  a t  1 mV/cm a n d  a p a p e r  sp ee d  of 50 m m/sec was used  
ex cep t  fo r  an  ex ten d ed  lead  II s t r ip  w hich was re c o rd e d  a t  25 mm/sec 
fo r  th e  p u rp o s e  of d e te c t in g  in te rm i t te n t  a r rh y th m ia s .  ECG 
m easu rem en ts  w ere  done u s in g  s t a n d a r d  m ethods  as  p re v io u s ly  
d e s c r ib e d .28
E ch o ca rd io g rap h y : E c h o c a rd io g ra p h y  was p e rfo rm ed  on  a  r e g u la r  b as is  
u s in g  an  ATL Model 300C tw o-d im ensiona l (B-mode) and  M-mode 
echo ca rd io g ram  (A dvanced Technology Labs, Bellevue, W ashington) and  
re c o rd e d  on an  ATL Multi Image Camera (A dvanced Technology Labs, 
Bellevue, W ashington). Dogs w ere  no t s e d a te d ,  p laced  in  le f t  la te ra l  
re cu m b en cy  and  a  t r a n s d u c e r  (5 o r  7.5 MHz) w as ap p lied  d ire c t ly  to  
th e  animals sh av ed  c h es t .  Cardiac  s t r u c t u r e s  w ere  recogn ized  with 
tw o-d im ensiona l ech o ca rd io g ram s  u s in g  p a r a s te r n a l  s h o r t -a x is ,  lo n g -  
axis, an d  ap ica l fo u r  ch am b er views. V e n tr ic u la r  wall motion was 
s u b je c t iv e ly  a s s e s s e d  u s in g  th e  B-mode image. A s im ultaneous 
e lec tro ca rd io g ram  ( s ta n d a r d  lead II) was p e rfo rm ed  w ith  th e  M-mode 
ech o ca rd io g ram s  to  allow id en tif ica t io n  of th e  ca rd iac  cycle. 
M easurem en ts  w ere  ta k e n  from M-mode stil l  fram e films in acco rd an ce  
w ith  th e  gu id e lin es  p ro v id e d  by th e  Committee on M-mode 
S ta n d a rd iz a t io n ,  American Society  of E c h o c a rd io g ra p h y .29 Briefly, 
sep ta l  and  le ft  v e n t r ic u la r  f r e e  wall end  d iasto lic  and  en d  systo lic
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dim ensions w ere  o b ta in ed  j u s t  below th e  t ip  of th e  m itral va lv e  w here  
th e  ch o rd a e  te n d in e ae  w ere  d is t in c t .  The le f t  v e n t r ic u la r  end 
systo lic  d im ension (LVESD) was ta k e n  a t  th e  sm alles t m easurem ent 
d u r in g  th e  ca rd iac  cycle  while th e  le f t  v e n t r ic u la r  en d  diastolic  
d im ension (LVEDD) a n d  th e  le f t  v e n t r i c u la r  f r e e  wall d iastolic  
th ic k n e s s  (LVFWDT) w ere  ta k e n  a t  th e  o n s e t  of th e  QRS complex. Left 
v e n t r ic u la r  fu n c t io n  was estim ated  b y  th e  p e rc e n ta g e  of f rac t io n a l  
s h o r te n in g  (%FS) ca lcu la ted  from th e  following equation : LVEDD- 
LVESD/LVEDD X 100. The p e r c e n t  e jec t io n  f ra c t io n  (%EF) was ca lcu la ted  
as  d e s c r ib e d .30 The p e rc e n ta g e  of sy sto lic  th ic k e n in g  of th e  sep tum  
(%STS) an d  of th e  le f t  v e n t r i c u la r  f r e e  wall (96LVFWST) was m easu red  
a t  th e  level of th e  c h o rd a e  ten d in eae .  As an  index  of re la t iv e  
d y s fu n c t io n  of th e  sep tum  o r  f r e e  wall, s e p ta l  th ic k e n in g  ra t io s  w ere  
ob ta ined  by d iv id ing  %STS by  %LVFWST as  d e s c r ib e d .24 When th e  
c o n tra c t i l i ty  of th e  le f t  v e n t r i c u la r  f r e e  wall is  re la t iv e ly  less  
th a n  th e  sep tum , th e  th ic k e n in g  ra t io  is  h ig h e r  th a n  co n tro l  v a lu es  
an d  lower if th e  c o n tra c t i l i ty  of th e  sep tum  is le ss  th a n  th e  f ree  
wall. Each m easu rem en t r e p r e s e n t s  th e  mean of a t  le a s t  t h r e e  ca rd iac  
cycles , a n d  all m easu rem en ts  w ere  p e rfo rm ed  by  th e  same p e r s o n  who 
was b linded  to  th e  in fec t io n  d a ta  of each  animal.
S ta t is t ic s :  S tu d e n t ’s 2 - ta i led  t  t e s t  was u sed  to  com pare th e  mean 
d if f e re n c e s  of ECG and  M-mode ech o c a rd io g ra p h ic  v a r ia b le s  be tw een  
normal an d  in fec ted  dogs. F in d in g s  w ere  c o n s id e re d  s ig n if ic a n t  a t  P ^
0.05. Bars on all g r a p h s  r e p r e s e n t  th e  s ta n d a r d  e r r o r  of th e  mean.
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RESULTS
Details of th e  c lin ical a n d  pa th o lo g y  f in d in g s  in  th e s e  dogs 
a re  p r e s e n te d  e lsew h ere  (C h ap te r  5 a n d  8). Briefly , T c -0  a n d  Tc-A 
p ro d u c e d  h ig h  p a ra s i tem ia s  a n d  cau se d  clinical d isea se  a sso c ia ted  
with a c u te  m yocard itis . The s u r v iv o r s  of a cu te  d isea se  p r o g r e s s iv e ly  
develop  ch ro n ic  d ila tional c a rd io m y o p a th y  w ith  s e v e re  pa tho log ic  
c h a n g e s  w ith in  th e  myocardium. In  c o n t r a s t ,  Tc-D p ro d u c e d  s u b p a te n t  
p a ra s item ias ,  no s ig n s  of c lin ical d isease , v i r tu a l ly  no pa tho log ical 
lesions  in th e  heai 't  and  no m orta li ty  in dogs. Because of th e  m arked  
sim ilarities  in  c a rd iac  d isea se  T c -0  a n d  Tc-A p ro d u c e d  in  dogs , th e y  
were g ro u p e d  to g e th e r  a n d  a re  r e f e r r e d  to  a s  wild iso la te s  (Tc-W) fo r  
ease  of p r e s e n t in g  th e  re s u l t s .
E le c tro c a rd io g ra p h y :  EGG p a ra m e te r s  from Tc-D in fe c ted  an d  co n tro l  
dogs showed no abnorm alit ie s  o r  a p p re c ia b le  d i f f e re n c e s  th r o u g h o u t  
infec tion . In  c o n t r a s t  ECG p a ra m e te rs  became abnorm al e a r ly  in 
in fec tion  in  Tc-W in fec ted  dogs. By day  20 pi, Tc-W in fe c ted  dogs had 
s ig n if ic a n t  in c re a s e s  (P < 0.05) in P-R in te rv a l  an d  d e c re a s e s  in R 
wave am plitude  o v e r  Tc-D in fe c ted  an d  co n tro l  dogs. P-R in te rv a l  
in c re a s e s  o c c u r re d  in  th o s e  Tc-W in fe c ted  dogs  th a t  d ied  of a cu te  
in fec tion  (Dog Nos. Z, I I /2 ,  I I /3 )  (Table 2). F u r th e rm o re ,  dog No. Z 
developed  f i r s t  d e g re e  h e a r t  block on day  12 pi (Fig. la )  and  second  
d e g re e  h e a r t  block by  day  20 pi. All ex cep t  1 Tc-W in fe c ted  dog (Dog 
Z) developed  le f t  MEA s h if ts  by  day  20 pi (Table 3). Two Tc-WT 
in fec ted  dogs  (Dogs 31, I I /4 )  had  le f t  MEA s h i f t s  w hich p e r s i s te d
th i’o u g h o u t  in fec tion . A lthough  all Tc-W in fe c ted  dogs developed ECG
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abnorm alit ie s ,  on ly  th o s e  t h a t  s u rv iv e d  p a s t  day  30 pi (i.e. the  
a c u te  s tag e )  developed  v e n t r i c u la r  b a se d  a r rh y th m ia s  (Table 4). 
V e n tr ic u la r  b a se d  ca rd iac  a r rh y th m ia s  w ere  f i r s t  m an ifes t  by  th e  
o c c u r re n c e  of VPCs (Fig lb ) .  In  th e  13 w eek old g ro u p ,  th e s e  f i r s t  
a p p e a re d  on day  57 a n d  70 pi while in  th e  o ld e r  dog (Dog Z) th e y  
a p p e a re d  on day  169 pi. V e n tr ic u la r  p re m a tu re  c o n tra c t io n s  became 
more f r e q u e n t  an d  m ultifocal (Fig. lc ) .  V e n tr ic u la r  p re m a tu re  
c o n tra c t io n s  e v en tu a l ly  d e g e n e ra te d  in to  form s of v e n t r ic u la r  
t a c h y c a rd ia  (Fig. Id  an d  le )  u su a l ly  a f t e r  day  100 pi a l th o u g h  th e s e  
a p p e a re d  e a r l ie r  in  Tc-W in fec ted  dogs  t h a t  w ere  in fe c ted  a t  a  y oung  
age.
E c h o c a rd io g rap h y :  E ch o ca rd io g rap h ic  p a ra m e te r s  from Tc-D in fec ted
dogs  did no t d if fe r  s ig n if ic a n t ly  from th o se  of co n tro l  dogs a t  any  
s ta g e  ev en  th o u g h  2 Tc-D in fe c ted  dogs w ere  s tu d ie d  fo r  459 d a y s  pi. 
Left v e n t r i c u la r  m yocardial fu n c t io n  d e te r io ra te d  o v e r  time in Tc-W 
in fe c ted  dogs as  shown by a d e c re a se  in % FS (Fig. 2) and  % EF (Fig.
3). A lthough  th e se  p a ra m e te r s  d e c re a se d  in  r e s p e c t  to th o se  of 
co n tro l  an d  Tc-D in fe c ted  dogs , th e y  did  no t become s ta t is t ic a l ly  
s ig n if ic a n t  (P < 0.05) u n t i l  day  237 pi. C h an g es  in  th e s e  p a ra m e te rs  
w ere  most p ro n o u n c e d  in th e  y o u n g e r  Tc-W in fe c ted  dogs  th a t  su rv iv e d  
th e  a c u te  s tag e  of in fec tion  (Dogs I I / l ,  I I /4 ) .  T hese  do g s  developed  
su c h  m arked  v e n t r ic u la r  fa i lu re  t h a t  th e y  r e q u i r e d  e u th a n a s ia  on day s  
289 a n d  149 pi re s p e c t iv e ly .  In  sp i te  of th e s e  p a ra m e te rs  being 
d e c re a se d  in th e  o th e r  Tc-W in fe c ted  d ogs , th e  on ly  s ig n s  of le ft  
h e a r t  fa i lu re  in th e s e  dogs  was exerc ise  in to le ran ce .
The le f t  v e n t r ic u la r  f r e e  wall th ic k n e s s  d e c re a se d  in Tc-W
159
in fe c ted  dogs  p a r t i c u la r ly  o v e r  th e  l a s t  50 d a y s  of in fec tion  (Fig.
4). Again, th e  g r e a t e s t  d e g re e  of th in n in g  o c c u r re d  in  Tc-W in fec ted  
d ogs  t h a t  w ere  in fe c te d  a t  a  y o u n g e r  age  (Dogs I I / l ,  I I /4 ) .  
F u r th e rm o re ,  d if fu se  le f t  v e n t r i c u la r  h y p o k in e tic  wall motion as 
a s s e s s e d  by  tw o-d im ensiona l e c h o c a rd io g ra p h y ,  was most s e v e re  in 
th e s e  d o g s  to w a rd s  th e  e n d  of t h e i r  s tu d y  p e r io d s .  In  1 dog (Dog 31) 
segm en ta l  h y p o k in e tic  le f t  v e n t r i c u la r  wall motion could  be 
a p p re c ia te d  b y  day  210 pi.
All Tc-W in fe c ted  do g s  show ed an  in c re a s e  in  th e  %STS:%LVFWST
ra t io  a t  th e  end  of th e  dogs  s tu d y  period  (Fig. 5). Ratios fo r  Tc-W
in fe c ted  do g s  (1.695 + 1.196 [SD]) w ere  h ig h e r  th a n  ra t io s  fo r  Tc-D 
in fec ted  (0.485 + 0.148) o r  co n tro l  dogs  (0.395 + 0.056). However,
th e  mean %STS:%LVFWST ra t io  fo r  Tc-W in fe c ted  dogs  was not
s ig n if ic a n t ly  d i f f e r e n t  from th e  co n tro l  va lue  (P = 0.064). As with 
th e  o th e r  e c h o c a rd io g ra p h ic  p a ra m e te rs ,  c h a n g e s  in  %STS:%LVFWST
ra t io s  w ere  g r e a te s t  in  th o s e  Tc-W in fe c te d  dogs t h a t  w ere  in fec ted  
a t  a  y o u n g  age. N e ither ap ica l a n e u ry sm s  n o r  e c h o d e n s i t ie s  s u g g e s t iv e  
of th ro m b u s  form ation w ere  o b s e r v e d  in a n y  T. c ru z i  in fec ted  or 
co n tro l  dogs.
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DISCUSSION
The a c u te  s ta g e  of Chagas* d isease  in  man is r e p o r te d  to  be 
sym ptom atic  in  app rox im ate ly  25% of in fe c ted  in d iv id u a ls .31 Those who 
do no t develop  sym ptom s o f ten  develop  ECG abnorm alit ie s  a l th o u g h  
o v e r t  clin ical s ig n s  of h e a r t  fa i lu re  a r e  r a r e .32 The most common ECG 
ab n o rm a lit ie s  in  c a se s  of a c u te  C h ag a s ’ d isease  a r e  p ro lo n g a tio n  of 
th e  P-R in te rv a l ,  p r im a ry  T -w ave  c h a n g e s ,  r e d u c e d  R w ave am plitude , 
p ro lo n g a tio n  of th e  Q-T in te rv a l ,  ST-T c h a n g e s ,  a n d  MEA c h a n g e s .32 
The e le c t ro c a rd io g ra p h ic  abnorm alit ie s  of R wave am plitude  
d e p re s s io n ,  in c re a s e s  in P-R in te rv a l ,  A-V block a n d  MEA s h if ts  found  
in Tc-W in fe c te d  do g s  d u r in g  th e  a c u te  p h a se  a r e  c o n s is te n t  w ith 
r e p o r t s  in man.32 Similar f in d in g s  hav e  a lso  been  r e p o r te d  in m onkeys 
an d  do g s  w ith  a cu te  C h ag a s ’ d is e a s e .10*12*16*33 The R wave am plitude  
d e p re s s io n  and  MEA s h i f t s  a re  th o u g h t  to  be in d ica t iv e  of m yocardial 
d isease , b u t  a re  n o n -sp e c if ic  f in d in g s  t h a t  do no t g en e ra l ly  
r e p r e s e n t  focal le s io n s .10 However, th e  fa c t  t h a t  ECG abnorm alit ie s  
w ere  p r e s e n t  w hen  e c h o c a rd io g ra p h ic  p a ra m e te rs  w ere  normal s u g g e s t s  
t h a t  e le c t ro c a rd io g ra p h y  is  more s e n s i t iv e  th a n  e c h o c a rd io g ra p h y  in 
d e te c t in g  c a rd iac  d isease  d u r in g  a c u te  C h ag as ’ d isea se  in  th e  dog. 
This is  in a g re em e n t  w ith  p re v io u s  s tu d ie s  in  T. c ru z i  in fec ted  
m onkeys w ith  m y ocard it is  in  wrh ich  le f t  v e n t r i c u la r  fu n c tio n  was 
normal an d  ECG f in d in g s  w ere  abnorm al.9*33 These  f in d in g s  w ere 
t h o u g h t  to  be due  to  e le c t ro c a rd io g ra p h ic  d e tec t io n  of local c h a n g e s  
in e lec tr ica l  a c t iv i ty  s e c o n d a ry  to  inflammation w hich was not s ev e re  
en o u g h  to cau se  fu n c tio n a l  im pairm ent.33 F u r th e rm o re ,  it has  been 
r e p o r te d  th a t  some m onkeys w ith only  mild m yocard itis  d isp lay ed
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m arked  ECG abnorm alit ie s  while some m onkeys w ith  s e v e re  m yocard itis  
did no t hav e  abnorm al ECGs.9'33 This  s u g g e s t s  t h a t  ECG abnorm alities  
may no t be d e p e n d e n t  on s e v e r i ty  of m yocard it is  b u t  a r i s e  from o th e r
a f fe c ted  a re a s  in th e  h e a r t  su ch  a s  th e  c o n d u c tio n  system .
P ro longation  of th e  P-R in te rv a l  an d  A-V b locks s ee n  in  some Tc-W 
in fe c ted  dogs  s u g g e s t  damage to  th e  c o n d u c tio n  system  also,
spec if ica lly  th e  s in o -a t r ia l  node  a n d  co n d u c t in g  t i s s u e  a sso c ia ted  
w ith  i t .10 Only th o se  Tc-W in fe c ted  dogs  th a t  had  th e s e  d is tu rb a n c e s  
in co n d u c tio n  (P-R in te rv a l  in c re a se ,  A-V block) d ied  d u r in g  th e  
a c u te  s ta g e  of in fec tion . This s u g g e s t s  th a t  abno rm alit ie s  w ith in  th e  
con d u c tio n  system  may be th e  cau se  of d e a th  in  th e s e  dogs , a n d  th a t  
th e s e  specific  abno rm alit ie s  could a c t  as  m a rk e rs  fo r  s u b s e q u e n t  
d e a th  in  Tc-W in fec ted  dogs. This  is  c o n s is te n t  w ith  f in d in g s  in man
in w hich th e  inc idence  of P-R w ave p ro lo n g a tio n  was s ig n if ic an tly  
h ig h e r  in fa ta l  cases  of a cu te  C h ag as ’ d isea se .32
The echoca rd iog ram  r e p r e s e n t s  a s e n s i t iv e  n o n - in v a s iv e  method 
to  a s s e s s  c a rd iac  fu n c tio n  p a ram e te rs .  However, a l th o u g h  it  has  been 
u sed  to  s u c c e ss fu l ly  d e te c t  m yocardial abnorm alit ie s  in p a t ie n ts  with 
ch ron ic  C hagas h e a r t  d isea se ,  th e  a u th o r s  a r e  u n a w are  of similar 
s tu d ie s  in a c u te  d isea se .24-34 Left v e n t r ic u la r  fu n c t io n  a s  m easured  
by  ech o ca rd io g ram s was normal in Tc-W in fe c te d  do g s  w ith sev e re  
m y ocard it is  a t  n e c ro p sy  (B arr  e t  al., -  C h ap te r  5). A lthough 
ech o c a rd io g ra p h ic  d a ta  from hum an p a t ie n ts  w ith  a c u te  T. c ru z i  
in fec tion  is unavailab le ,  a u to p s ie s  of p a t ie n ts  who d ied  of acu te  
C h ag as ’ d isease  occasionally  re v e a l  m yocard it is  w hich  is  o f ten  more 
s e v e re  th a n  p re d ic te d  by  e lec tro ca rd io g ram s  a n d  clinical data. These 
f in d in g s  s u g g e s t  th a t  le f t  v e n t r ic u la r  fu n c t io n  was compromised in
th e s e  p a t ie n t s .32 Monkeys w ith  a cu te  in fec tion  a lso  show norm al le f t  
v e n t r ic u la r  fu n c tio n  in  sp ite  of m y o card it is .33 Myocardial
invo lvem ent has  b een  show n to  be more s e v e re  th a n  clinical o r  le f t  
v e n t r ic u la r  fu n c t io n  t e s t s  in d ica te  in o th e r  hum an m yocardial 
co n d it io n s  a lso .35-36
The in d e te rm in a te  s ta g e  of Chagas* d isea se  in man is 
c o n cep tu a lly  de fined  as  an  asym ptom atic  ch ron ic  in fec t io n  in  w hich 
c a rd iac  fu n c t io n  t e s t s  a n d  ECGs a re  normal. These  in d iv id u a ls  a re  
in fe c ted  a s  d e te rm ined  b y  xenod iagnosis  a n d / o r  c irc u la t in g  
a n t ib o d ie s .2 Some p a t ie n ts  may show re s id u a l  ECG abnorm alit ie s  from 
th e  a cu te  s ta g e .32 These  c r i t e r i a  a r e  met b y  th e  Tc-D in fec ted  dogs 
which w ere  p os it ive  on se ro lo g y  a n d  blood c u l tu r e s  fo r  p a ra s i te s ,  and  
showed no clinical ECG o r  ech o ca rd io g ra p h ic  abnorm alit ie s  a f t e r  day  
26 pi. However, w here  a small p e rc e n ta g e  of people  in th e  
in d e te rm in a te  s ta g e  p r o g r e s s  to  develop  a  form of ch ro n ic  d isease , 
none of th e  Tc-D in fe c ted  dogs  p r o g r e s s e d  to  develop  ch ro n ic  d isease  
d u r in g  th e  s tu d y  p e r io d .2 Of th e  five Tc-W in fe c ted  dogs  th a t  
s u rv iv e d  th e  a cu te  s tag e ,  ECGs w ere  availab le  on th r e e  d u r in g  th e  
p e rio d  p re c e d in g  th e  ch ro n ic  s ta g e  ( in d e te rm in a te  s tag e ) .  Two of 
th e se  dogs fu lf illed  th e  c r i t e r i a  of th e  in d e te rm in a te  s ta g e  in t h a t  
th e y  had  normal ECGs and  ech o ca rd io g ram s b e tw een  d a y s  30 an d  70 
(Dog No. 34), and  d ay s  30 an d  169 pi (Dog No. Z). D uring  th i s  time 
th e y  w ere  parasitem ic  an d  had  d e tec ta b le  a n t ib o d y  levels  (C h ap te r  5 
and  6). F u r th e rm o re ,  th e  ECG abnorm alities  (R w ave am plitude  
d e p re s s io n  and  MEA sh if ts )  found  in th e  th i r d  Tc-W in fec ted  dog to 
s u rv iv e  a cu te  in fec tion  (Dog No. 31) showed an  im provem ent be tw een 
day  30 and  60 pi. These  ECG abnorm alities  w ere  re s id u a l  fi'om th e
163
a cu te  s tag e .  This s u g g e s t s  t h a t  th i s  dog also  e n te r e d  th e  
in d e te rm in a te  s tag e  of in fec t io n  b u t  re ta in e d  some ECG abnorm alities . 
These  r e s u l t s  s u g g e s t  t h a t  in Tc-W in fe c ted  dogs  t h e r e  is  a 
p ro g r e s s io n  from a cu te  d isea se  in to  an  in d e te rm in a te  s ta g e  similar to 
t h a t  d e sc r ib e d  in  man.23
P rev io u s  w o rk e rs  have  d e sc r ib e d  similar, b u t  more f r e q u e n t ly  
o c c u r r in g ,  ECG abnorm alit ie s  in  dogs in fe c ted  w ith  S o u th  American T. 
c ru z i  iso la tes  d u r in g  th e  in d e te rm in a te  s tag e .  10'12>20 However, th e s e  
s tu d ie s  w ere  co n d u c te d  in  a n e s th e t iz e d  dogs  w hich may a ffe c ted  ECG 
re a d in g s  in a f fe c ted  animals. F u r th e rm o re ,  as  th e s e  s tu d ie s  w ere  
co n d u c te d  in m ongrel dogs of unknow n  age  an d  d isease  s ta tu s ,  i t  is 
d iff icu lt  to  com pare th e  r e s u l t s  w ith  th o se  in  th is  r e p o r t . 10"12'20 
Our r e s u l t s  a re  in a g re e m e n t  w ith  th e  basic  conclus ion  of th e s e  
p re v io u s  r e p o r t s  in th a t  T. c ru z i  in fe c ted  dogs  e n t e r  an  
in d e te rm in a te  s ta g e  in w hich e lec tro c a rd io g ra p h ic  abnorm alit ie s  a re  
minor an d  similar to  th o se  fo u n d  in hum an p a t ie n ts  w ith  Chagas* 
d isea se .2-10-12 This r e p o r t  f u r t h e r  e x ten d s  th i s  d a ta  b y  in d ica t in g  
th a t  le f t  v e n t r ic u la r  fu n c t io n  a s  a s s e s s e d  by  e c h o c a rd io g ra p h y ,  is 
normal in Tc-W in fec ted  dogs  d u r in g  th e  in d e te rm in a te  s tage . These 
f in d in g s  a re  similar to  e c h o c a rd io g ra p h ic  f in d in g s  r e p o r te d  in m an.2
A pproxim ately 25% of in d iv id u a ls  in th e  in d e te rm in a te  s tag e  
p r o g r e s s  o v e r  y e a r s  to  develop  e i th e r  c a rd iac  o r  d ig e s t iv e  
m an ife s ta tions  of ch ro n ic  C h ag as ’ d isea se .2 This  s ta g e  is reco g n ized  
by  ca rd iac  cham ber d ila tion  (mainly le f t  v e n t r ic u la r  d ila tion), and  
ECG abnorm alities . The most common ECG abnorm alit ie s  in c lu d e  unifocal 
and  multifocal VPCs, r ig h t  b u n d le  b ra n c h  block (RBBB), p ro lo n g ed  QT 
syndrom e and  left a n te r io r  hem iblock.24'32'37'38 S ev e ra l  ECG
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abnorm alit ie s  seen  la te  in  in fec tion  in  Tc-W in fe c ted  dogs a re  
c o n s is te n t  w ith  f in d in g s  in  man. F i r s t ly ,  all th e  Tc-WT in fe c ted  dogs 
th a t  s u rv iv e d  th e  a cu te  p h a se  developed  VPCs. T hese  w ere  multifocal 
in two dogs. Secondly , VPCs followed c o n d u c tio n  d i s tu rb a n c e s  (A-V 
block, in c re a s e s  in  P-R in te rv a l )  in  Tc-W in fe c te d  dogs. This 
tem pora l o c c u r re n c e  is c o n s is te n t  w ith  f in d in g s  in  m an.37 T h ird ly , 
th e  in c re a s e  in  th e  f r e q u e n c y  of ECG abnorm alit ie s  p e r  t r a c in g  w ith  
time in Tc-W in fec ted  dogs  is c o n s is te n t  w ith  f in d in g s  from a 
lo n g itu d in a l  s tu d y  of C hagasic  p a t ie n ts  in  Chile.38 L as tly , of ECG 
abnorm alit ie s  in Tc-W in fe c ted  dogs  become more s e v e re  as  th e r e  was a 
p ro g r e s s io n  from VPCs to  v e n t r ic u la r  ta c h y c a rd ia .  This, in 
co n ju n c t io n  w ith th e  p r o g r e s s iv e  loss  of le f t  v e n t r i c u la r  fun c tio n ,  
is  c o n s is te n t  w ith  f in d in g s  in man.38
V e n tr ic u la r  p re m a tu re  c o n tra c t io n s  hav e  b een  r e c o rd e d  in 
s tu d ie s  from o th e r  animal models of ch ron ic  C h ag as ’ h e a r t  d isease  
in c lu d in g  mice a n d  r a b b i t s .14'39 Dogs in fec ted  w ith  S ou th  Amei’ican T. 
c ru z i  iso la tes  also develop  VPCs b u t  a t  a much lower p re v a len c e  ra te  
th a n  r e p o r te d  h e re .10'20 F u r th e rm o re ,  th e  a u th o r s  a r e  u n aw are  of 
p re v io u s  r e p o r t s  d e sc r ib in g  v e n t r ic u la r  ta c h y c a rd ia  and
f ib r il la tio n ,  a s  d e sc r ib e d  in  p a t ie n ts  w ith te rm in a l Chagasic  h e a r t  
d isease ,  in animal models.37 However, w here  RBBB was a  f ind ing  in 
dogs in fe c ted  w ith S ou th  American T. c ru z i  iso la tes ,  i t  was not 
r e c o rd e d  in  a n y  ECG t r a c in g s  from Tc-W in fe c ted  dogs.
M-mode and  tw o-d im ensiona l ech o ca rd io g ram s  hav e  been  u sed  to 
define  anatomic abno rm alit ie s  an d  show c h a ra c te r is t ic  
e c h o c a rd io g ra p h ic  a p p e a ra n c e s  a sso c ia ted  w ith ch ro n ic  Chagasic h e a r t  
d isea se .24 These  inc lude  ap ica l a n eu ry sm s ,  re la t iv e  s p a r in g  of the
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i n t e r v e n t r i c u la r  sep tum  a n d ,  in more sev e i’e c a se s ,  v e n t r ic u la r
dila tion, d if fu se  h y p o k in e s is  an d  th in n in g  of th e  le f t  v e n t r ic u la r  
f r e e  wall. A ssocia ted  w ith  th e s e  abnorm alit ie s  a r e  d e c re a se s  of le f t  
v e n t r i c u la r  fu n c t io n  a s  m easu red  b y  d e c re a s e s  in %EF a n d  %FS. 
A cquate lla  e t  al., (1980) r e p o r te d  t h a t  %EF a n d  %SF w ere  
s ig n if ic a n t ly  re d u c e d  o v e r  c o n tro ls ,  in  C hagasic  h e a r t  d isease  
p a t ie n ts  w ith  a r rh y th m ia s  o r  co n g es t iv e  h e a r t  f a i lu re .24 In  Tc-W
in fe c ted  dogs th a t  d eve loped  ch ro n ic  d isease ,  %EF an d  %FS w ere  also 
d e c rea se d .  T hese  c h a n g e s  o c c u r re d  la te  in  th e  s tu d y  a n d  co incided  
w ith d e c re a se s  in l e f t  v e n t r ic u la r  f r e e  wall th ic k n e s s  and  
h y p o k in es is .  F u r th e rm o re ,  th e  re la t iv e  p re s e r v a t io n  of sep ta l  wall 
motion with le ft  v e n t r i c u la r  f r e e  wall h y p o k in e s is  a s  in d ica ted  by  
th e  e lev a te d  %STS:%LVFWST ra t io  in Tc-W in fe c ted  dogs b e a r s  a
rem ark ab le  s im ila rity  to  f in d in g s  in human p a t ie n ts  w ith  ch ron ic  
Chagasic h e a r t  d isea se .24 In  man, th e  d if fe ren c e  be tw een  sep ta l  an d  
LVFW motion co incides  w ith  h is to log ical c h a n g e s  w ithin  th e se
re s p e c t iv e  a r e a s  of th e  h e a r t .  A lthough th e  sep tum  co n ta in s  
h is to log ical ev id en ce  of inflammation, th e r e  is no c o n f lu e n t  s c a r r in g  
a s  seen  in  th e  le f t  v e n t r i c u la r  f r e e  wall.24 This is a lso  typ ica l  of 
h is to log ical f in d in g s  in dogs  (C h ap te r  8). However, s c a r r i n g  a t  th e  
le f t  v e n t r i c u la r  apex a sso c ia ted  w ith th e  deve lopm ent of an  apical 
a n e u ry sm  was no t as  s e v e re  in Tc-W in fe c ted  dogs as  t h a t  d e sc r ib e d  in 
man.2*37
P rev io u s  s tu d ie s  to  develop  a  can ine  model fo r  ch ron ic  
C hagasic  h e a r t  d isease  hav e  been  f r u s t r a t e d  by  a  la rg e  num ber of 
d e a th s  d u r in g  th e  a c u te  s ta g e  of th e  d is e a s e .10'12'20-21 P rev ious  
w o rk e rs  have  u sed  S ou th  American T. c ru z i  iso la tes  w hich may be more
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v i r u l e n t  to  dogs  th a n  th e  N orth  American iso la te s  u se d  in  th is  
s tu d y .18*19 This s u g g e s t s  t h a t  th e  ch ro n ic  d isease  is more d ep en d a b ly  
p ro d u c e d  in dogs  u s in g  some N orth  American T. c ru z i  iso la tes  th a n  
Sou th  American iso la tes .  Also, Tc-W in fec ted  do g s  developed  
e lec tro c a rd ia l ,  anatom ical a n d  fu n c t io n a l  c a rd iac  abnorm alities  
d u r in g  ch ro n ic  d isea se  sim ilar to  th o s e  seen  in  hum an C hagasic  h e a r t  
d isease . This  sy s tem  may r e p r e s e n t  a  v a luab le  animal model fo r  th e  
s tu d y  of s e v e ra l  a s p e c ts  of C hagasic  h e a r t  d isease .
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TABLE 1 -  Details of th e  ex per im en ta l  g ro u p in g s ,  age , sex, an d  w eigh t 
w hen in fe c ted ,  th e  in fec t io n  dose, d u ra t io n  a n d  outcome of in fec tion  
in  p u r e  b re d  beag le  do g s  w hich  w ere  in fe c ted  s u b c u ta n e o u s ly  with 
c u l tu re  form T. c ru z i  t ry p o m a s t ig o te s  iso la ted  from  an  opossum  (Tc- 
0 ) , an  armadillo  (Tc-A) in  G roup 1 (Tc-W), o r  a  dog (Tc-D; Group 2), 







Sex Weight In fec tion  
(Kg) (isolate) (X
Dose Duratio  
106) in fec tion  
(Days)
1 I I I / l 5 M 1.6 T c-0 8.0 289*
(Tc-W) I I I /2 5 F 1.7 T c-0 8.5 21*
I II /3 5 M 1.6 Tc-A 8.0 20*
I I I /4 5 F 1.7 Tc-A 8.5 149*
II 31 13 M 2.8 T c-0 14.0 240
II 34 13 M 3.2 T c-0 16.0 240
II Z 47 F 7.0 T c-0 20.0 240
II K 47 F 6.7 T c-0 20.0 28*
2 I I I /5 5 M 1.7 Tc-D 8.5 459
(Tc-D) I I I /6 5 F 1.5 Tc-D 7.5 459
II 32 13 M 3.5 Tc-D 16.5 240
II 35 13 M 4.0 Tc-D 20.0 240
II U 47 F 8.0 Tc-D 20.0 240
II A 47 F 6.5 Tc-D 20.0 240
3 II 33 13 M 3.5 — — 240
(Cont) II 36 13 F 3.2 - - 240
II C 47 F 6.3 - - 240
II F 47 F 6.0 — — 240
* Died d u r in g  peak  p a ra s i tem ia  an d  a c u te  m yocard it is  
+ E u th an it ized  a s  in s e v e re  c a rd iac  fa i lu re  from dilational 
m y o card iopa thy
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TABLE 2 -  Lead II e lec tro c a rd io g ra p h ic  (ECG) p a ra m e te r s  (means + 1
SD) 20 d a y s  p o s t  in fec tion  in do g s  in fe c ted  w ith  a  p a th o g en ic  T. 
c ru z i  iso la te  (Tc-W, Group 1) o r  a  n o n -p a th o g e n ic  T. c ru z i  isolate  
(Tc-D, Group 2), an d  u n - in f e c te d  dogs  (C ontro ls, Group 3).
G roups
ECG p a ra m e te r 1 (n=8) 2 (n=6) 3 (n=4)
P-R in te rv a l  
(seconds)
0.1313 + 0.0247* 0.0817 + 0.0134 0.0825 + 0.0043
R wave amp 
(millivolts)
0.6063 + 0.4970* 1.6300 + 0.4700 1.9000 + 0.3500
* S ign if ican tly  d i f f e r e n t  from v a lu e s  from co n tro l  dogs (P < 0.05). 
n Number of dogs  in each  g ro u p .
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TABLE 3 -  QRS mean e l e c t r i c a l  a x is  (MEA) in  in d iv id u a l  dogs in fe c te d
w ith  a pa th o g en ic  T. c ru z i  i s o l a t e  (Tc-W, Group 1) o r  a non- 
pa thogen ic  T. c ru z i  i s o l a t e  (Tc-D, Group 2 ) ,  and u n - in f e c te d  dogs 
(C o n tro ls ,  Group 3).
Days p o s t  in f e c t i o n
Group Dog No. 0 20 30 60 100 160 235
1 31 40 -30* 10* -30* -30* -30* -30*
(Tc-W) 34 60 30* 70 60 45 50 70
Z 75 60 65 55 55 50 60
K 80 70+2 7
I I / l 50 10* ND ND ND # #
11/2 70 20*. + 21
11/3 60 10*. + 20
11/4 50 0* ND ND 15* £+149
2 32 60 60 60 60 60 70 75
(Tc-D) 35 65 55 40 40 45 40 75
U 60 60 60 80 75 60 65
A 60 65 50 50 60 60 55
11/5 45 45 45 45 60 60 65
11/6 45 60 60 75 60 75 75
3 33 60 60 60 60 55 60 50
(C o n tro l ) 36 40 60 75 70 70 70 70
C 90 60 65 65 70 55 70
F 90 80 90 100 90 60 75
* D i f f e r  by 2 S.D. from c o n t ro l  and normal v a lu e s  r e p o r te d  fo r  dogs
( T i l l e y ,  1986).
* Arrhythmia p re v e n ts  c a l c u l a t i n g  th e  MEA
* Days p o s t  in f e c t i o n  t h a t  dog d ied  o r  was e u th a n i t i z e d  
ND Not done
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TABLE 4 : D e ta i l s  o f  th e  e l e c t r o c a r d io g r a p h ic  (ECG) a b n o rm a l i t ie s  in
in d iv id u a l  Tc-W in fe c te d  dogs.
Dog No. ECG a b n o rm a l i t ie s
31 R am plitude , 1 .0  mV p r e - i n f e c t i o n ,  dropped to  0.25 mV
20 days p o s t  in f e c t i o n  (DPI), was 0.35 mV from 29 to  
57 DPI, then  0.1  mV u n t i l  235 DPI in  lead  I I .  1 VPC 
(prem ature v e n t r i c u l a r  c o n t r a c t i o n s )  per 20 normal 
b e a t s ,  u n i f o c a l ,  a t  57 DPI, then  in c re a se d  in
frequency in  a l l  ECGs u n t i l  t r ig em in y  by 103 DPI, and
bigeminy by 132 DPI. A ll ECGs co n ta in ed  com binations 
of VPCs and forms o f VT ( v e n t r i c u l a r  ta c h y c a rd ia )  up 
to  235 DPI. O ccasional normal rhythms recorded  bu t VT 
p r e c i p i t a t e d  by exc item en t.
34 VPCs (1 per 120 normal b e a t s ) ,  u n i f o c a l ,  a t  70 DPI.
VPCs became m u l t i f o c a l  by 83 DPI and p re s e n t  in a l l  
ECGs u n t i l  159 DPI when bigeminy o ccu rred .  From 159 to  
235 DPI, a l l  t r a c in g s  c o n ta in ed  com binations o f  VPCs
and VT, w ith  r a r e  normal rhythms. Excitement 
p r e c i p i t a t e d  VT.
Z VPCs (1 p e r  150 normal b e a t s ) ,  u n i f o c a l ,  a t  169 DPI.
Became more f req u e n t  by 218 DPI, and tr ig em in y  could 
be induced by exc item en t a t  235 DPI. No v e n t r i c u l a r  
a rrhy thm ias  recorded .
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I I / l
1 1 / 2
11/3
1 1 / 4
ECG normal u n t i l  12 DPI when 1 s t  degree  h e a r t  block 
developed (P-R i n t e r v a l  = 0.18 sec) and 2nd degree 
block  by 20 DPI. R am plitude  p r e - i n f e c t i o n  = 2.1 mV,
was 1.1 mV 12 DPI, and was 0 .9  mV 20 DPI. No 
v e n t r i c u l a r  a rrh y th m ias  reco rded .
R am plitude  was 1.2  mV p r e - i n f e c t i o n ,  0 .2  mV 20 DPI, 
and remained d ep ressed  in  th o se  ECGs i t  cou ld  be 
measured in u n t i l  d e a th .  VT ( r u n s ) ,  m u l t i f o c a l  123 
DPI, became more f r e q u e n t  and con tinuous  a t  289 DPI.
P-R i n t e r v a l  in c re a se d  from 0.08 sec  ( p r e - i n f e c t i o n )  
to  0.11 s e c ,  and R am plitude  d ecreased  from 0 .9  mV 
( p r e - i n f e c t io n )  to  0 .3  mV 20 DPI. No v e n t r i c u l a r  
a rrhy thm ias  reco rded .
P-R i n t e r v a l  in c re a se d  from 0 .08  sec  ( p r e - i n f e c t i o n )  
to  0.12 sec ,  and R am plitude  d ecrea sed  from 1.1 mV 
( p r e - i n f e c t io n )  to  0 .2  mV 20 DPI. No v e n t r i c u l a r  
a r rhy thm ias  reco rded .
R am plitude  d ecreased  from 1.4 mV ( p r e - i n f e c t io n )  to  
0 .3  mV 20 DPI, remained d ep re ssed  th roughou t exp. VT 
(ru n s)  117 DPI, c o n s ta n t  by 135 DPI u n t i l  149 DPI.
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FIGURE LEGENDS
FIGURE 1. Shows ECG t r a c in g s  (50 m m /sec) from Tc-W in fe c ted  dogs a t  
v a r io u s  s ta g e s  d u r in g  in fec tion . A (Dog No. K, day  12 pi) F i r s t  
d e g re e  h e a r t  block. B-(Dog No. 31, day  57 pi) R educed  R-wave 
am plitude  (0.1 mV) an d  a  VPC (5th  complex from th e  le ft) .  C-(Dog No.
31, day  135 pi) V e n tr ic u la r  ta c h y c a rd ia  -  multifocal. Note th e  
r e d u c e d  R-wave am plitude  s t i l l  p r e s e n t .  D-(Dog No. 34, day  159 pi) 
V e n tr ic u la r  t a c h y c a rd ia ,  b igem eny  p a t t e r n .  E-(Dog No. I I / l ,  day  289 
pi) C on tinuous  v e n t r i c u la r  ta c h y c a rd ia .
FIGURE 2. Shows th e  c h an g e  in  th e  mean p e r c e n t  le f t  v e n t r ic u la r  
f ra c t io n a l  s h o r te n in g  (%FS) a s  m easu red  from M-mode ech o ca rd io g ram s 
ta k e n  from in fec tio n  d a te  (time 0) to  day  237 pi in Tc-W in fec ted
dogs  (/J— zj), Tc-D in fe c ted  do g s  (#----o), and  u n in fe c te d  co n tro l  dogs
(o o). Means w ere  ca lcu la ted  from th e  a v e ra g e  of t h r e e  m easu rem en ts
from each  dog p e r  g ro u p  an d  th e  b a r s  r e p r e s e n t  s t a n d a r d  e r r o r  of th e  
mean. * s ig n if ic a n t ly  d i f f e r e n t  from c o n tro ls  (P < 0.05).
FIGURE 3. Shows th e  c h a n g e  in th e  mean p e r c e n t  le f t  v e n t r ic u la r  
e jec t io n  f r a c t io n  (%EF) as m easu red  from M-mode ech o ca rd io g ram s  ta k en  
from in fec tion  d a te  (time 0) to  day  237 pi in Tc-W in fe c ted  dogs  (A-rf)
Tc-D in fe c ted  do g s  (•----•), a n d  u n in fe c te d  co n tro l  do g s  (o o). Means
w ere  ca lcu la ted  from th e  a v e r a g e  of th r e e  m easu rem en ts  from each  dog 
p e r  g ro u p  and  th e  b a r s  r e p r e s e n t  s t a n d a r d  e r r o r  of th e  mean. * 
s ig n if ic an tly  d i f f e r e n t  from c o n tro ls  (P < 0.05).
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FIGURE 4. Shows th e  c h a n g e  in th e  mean le f t  v e n t r i c u la r  f r e e  wall 
(LVFW) th ic k n e s s  a s  m easu red  from M-mode ech o ca rd io g ram s  ta k e n  from 
in fec tion  d a te  (time 0) to  day  237 p i in  Tc-W in fe c te d  dogs (4— &),
Tc-D in fe c ted  d o g s  (•— •), a n d  u n in fe c te d  c o n tro l  dogs  (o o).  Means
w ere  ca lcu la ted  from th e  a v e ra g e  of t h r e e  m easu rem en ts  from each  dog 
p e r  g ro u p  a n d  th e  b a r s  r e p r e s e n t  s t a n d a r d  e r r o r  of th e  mean. * 
s ig n if ic a n t ly  d i f f e r e n t  from c o n tro ls  (P < 0.05).
FIGURE 5. Shows th e  p e r c e n t  s ep ta l  th ic k e n in g  d u r in g  sy s to le  (%STS): 
p e r c e n t  le f t  v e n t r ic u la r  f r e e  wall th ic k e n in g  d u r in g  sys to le  
(%LVFWTS) ra t io  p r io r  to  in fec t io n  a n d  a t  th e  e n d  of th e  experim ental 
pe r io d  fo r  each  in d iv id u a l  dog (see Table 1 fo r  d u ra t io n  of in fec tion  
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( T e r m i n a l )
CHAPTER 7
ANTIBODY AND PERIPHERAL BLOOD LYMPHOBLASTOGENESIS 
RESPONSES IN DOGS EXPERIMENTALLY INFECTED WITH 
NORTH AMERICAN TRYPANOSOMA CRUZI ISOLATES
S te p h e n  C. B a r r ,  Vida A. Dennis, Thomas R. Klei
To be su b m itted  to  th e  American J o u rn a l  of T rop ica l Medicine
an d  H ygiene
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A b s t r a c t . The hum oral an d  ce l lu la r  immune r e s p o n s e s  of dogs 
in fe c ted  w ith e i th e r  a T rypanosom a c ru z i  iso la te  from a North 
American dog (Tc-D) o r  an  opossum  (T c-0) to  ep im astigo te  a n t ig e n s  
w ere  s tu d ie d  o v e r  a  240 d a y  per iod . T c -0  in fe c te d  dogs  have  been  
show n to  develop  d ila tional c a rd io m y o p a th y  similar to  t h a t  seen  in 
human p a t ie n t s  in fe c te d  w ith  T. c r u z i . while Tc-D in fe c ted  dogs 
rem ain  u n a ffe c te d .  A n tibody  to  T. c ru z i  ep im astigo te  a n t ig e n s  could 
be d e te c te d  by  ELISA by day  26 p o s t  in fec tion  (pi) in bo th  T c -0  an d  
Tc-D in fe c ted  dogs. A n tibody  levels  in c re a s e d  to  p eak  leve ls  by day 
175 pi and  rem ained  e lev a te d  th r o u g h o u t  th e  exper im en ta l  period . 
D iffe rences  in an tib o d y  t i t e r s  be tw een  in fe c ted  g ro u p s  w ere  no t 
d e tec ted .
W estern  b lot a n a ly s is  of T. c ru z i  ep im astigo te  a n t ig e n s  p r e p a r e d  
from T c -0  an d  Tc-D iso la tes  w ere  p ro b e d  w ith  pooled s e r a  from T c-0  
an d  Tc-D in fe c ted  dogs. S e ra  was se lec ted  from dogs  d u r in g  th e  acu te  
(day 35 pi), in d e te rm in a te  (day  135 pi), an d  ch ro n ic  (day  235 pi) 
s ta g e s  of in fec tion . G enera lly  more p ro te in  b a n d s  w ere  reco g n ized  in 
th e  T c -0  a n t ig e n  p re p a ra t io n  by s e r a  from bo th  in fec ted  g ro u p s  of 
dogs. S e ra  fi’om T c-0  in fe c ted  dogs reco g n ized  more b a n d s  in both 
a n t ig e n  p re p a ra t io n s .  The n u m b er  of b a n d s  reco g n ized  in b o th  a n t ig e n  
p re p a ra t io n s  by  s e r a  from bo th  in fec ted  g ro u p s  in c re a s e d  from day  35 
to  day  235 pi. Common b a n d s  w ere  reco g n ized  in bo th  an tig e n  
p re p a ra t io n s  by  s e r a  from b o th  g ro u p s  of in fe c ted  dogs. E igh ty  an d  90 
kDa p ro te in s  w ere  reco g n ize d  in bo th  a n t ig e n  p re p a ra t io n s  by  s e ra  
from bo th  g ro u p s  of dogs. These  p ro te in s  may c o r re sp o n d  to 
ep im astigo te  p ro te in s  reco g n ized  by s e ra  from human Chagasic 
p a t ie n ts .  S e ra  from bo th  T c -0  an d  Tc-D in fec ted  dogs recogn ized
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specific  b a n d s  in only  one  of th e  a n t ig e n  p re p a ra t io n s .  Also, s e r a  
from dogs in fe c ted  w ith  one of th e  iso la tes  re co g n ized  b a n d s  in both  
a n t ig e n  p re p a ra t io n s .  In  only  one  in s ta n ce  did s e r a  from a specific  
in fec tion  (Tc-D) reco g n ize  a  b a n d  in  a  specific  a n t ig e n  p re p a ra t io n  
(Tc-D).
P e r ip h e ra l  blood m ononuclear cell (PBMC) b la s to g en ic  r e s p o n s e s  to 
m itogens in  T. c ru z i  in fe c te d  do g s  w ere  no t s ig n if ic a n t ly  d i f f e r e n t  
from th o se  of c o n tro ls  a t  a n y  time d u r in g  th e  experim en ta l  pe riod . 
B lastogenic  r e s p o n s e s  to  T. c ru z i  ep im astigo te  a n t ig e n s  w ere  
s ig n if ic an tly  d i f f e r e n t  from c o n tro ls  on d ay s  70 an d  175 pi in  bo th  
T c-0  and  Tc-D in fe c ted  dogs. R esponses  d e c re a se d  to  p re - in fe c t io n  
levels  by  day  240 pi.
These s tu d ie s  d em o n s tra te  t h a t  a l th o u g h  2 N orth  American T. c ru z i  
iso la tes  h av e  m ark ed ly  d i f f e r e n t  v iru len c e  fo r  dogs , some a s p e c ts  of 
th e i r  ce l lu la r  an d  hum oral immune re s p o n s e s  a re  similar while o th e r  
r e s p o n s e s ,  su ch  as  re c o g n it io n  of spec ific  T. c ru z i  a n t ig e n s ,  v a ry .
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T rypanosom a c ru z i  is endemic in  many p a r t s  of S ou th  America 
an d  is th e  etio logical a g e n t  of C h ag as ’ d isea se ,  named a f t e r  th e  
d isco v e r  of th e  o rgan ism  Carlos C hagas .1 In some in fec ted  
in d iv id u a ls ,  in fec tion  is  in itia lly  c h a ra c te r iz e d  by  an  acu te
m yocard it is ,  followed by  a p ro lo n g ed  la te n t  pe riod . Some p a t ie n ts
th e n  develop  a  ch ro n ic  an d  o f ten  fa ta l  c a rd io m y o p a th y .2 The 
p a th o p h y s io lo g y  of th e  ca rd io m y o p a th y  is e ss e n t ia l ly  u n k n o w n  a l th o u g h  
th e r e  is ev id en ce  th a t  ce l lu la r  a n d  hum oral immune r e s p o n s e s  p lay  an  
im p o r tan t  ro le  in i ts  d eve lopm en t.3 A m ajor s tum bling  block in th e  
r e s e a r c h  e f fo r t s  to  e lu c id a te  th e  p a th o g e n e s is  of ch ro n ic  Chagas 
d isease  is th e  lack of a  su i tab le  animal model.2 I n b r e d  mice, 
m onkeys, r a b b i t s  an d  dog's have  all been  u se d  a s  models fo r  chron ic  
d isease  in man, b u t  no one system  has  p ro v e d  su ff ic ien tly  
r e p ro d u c ib le  to  gain g e n e ra l  a c c e p ta n c e .2>4-14 The can ine  model has 
been  show n to  mimic some of th e  ca rd iac  pa thologic  and  
e le c t ro c a rd io g ra p h ic  c h a n g e s  in man.11-14 The dog o f f e r s  sev e ra l  
a d v a n ta g e s  o v e r  o th e r  animal models. The size a n d  tem p eram en t of dogs 
allows la rg e  se r ia l  sample size of t i s s u e s  an d  body  flu ids . E labora te  
ca rd iac  s tu d ie s  similar to  th o s e  u se d  in  man a re  a lso  p o ss ib le  in the  
dog. F u r th e rm o re ,  dogs a re  re la t iv e ly  in ex p en s iv e  to  maintain, 
e spec ia lly  in  com parison  to  th e  monkey. However, in  c o n t r a s t  to  o th e r
animal models, l ittle  is know n of th e  immune r e s p o n s e  of dogs  to T.
c ru z i  in fec tion . A n ti-T. c ru z i  an t ib o d ie s  have  been  d e m o n s tra ted  in 
experim en ta lly  in fec ted  a n d  n a tu ra l ly  in fe c ted  dogs  b u t  se r ia l  
s tu d ie s  on hum oral o r  ce l lu la r  r e s p o n s e s  have  no t been  r e p o r te d .15"17
The clinical, c a rd io g ra p h ic ,  and  pathologic  c h a n g e s  seen  in 
dogs in fec ted  with T. c ru z i  iso la tes  from an  opossum  (T c-0) and  a dog
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(Tc-D) a r e  d e sc r ib e d  e lsew h ere  (C h a p te rs  5, 6 an d  8). In  th i s  p a p e r  
we d e sc r ib e  some se r ia l  hum oral a n d  ce l lu la r  immune r e s p o n s e s  o v e r  an 
e ig h t  m onth  p e r io d  in d o g s  in fe c ted  w ith  th e  2 iso la tes  of T. c r u z i . 
U sing W estern  b lo t a n a ly s is ,  we d em o n s tra te  th e  a n t ig e n s  t h a t  a re  
id e n tif ied  by  s e r a  from d o g s  in fe c ted  w ith  th e  2 iso la tes  a t  3 
d i f f e r e n t  p e r io d s  d u r in g  in fec tion . The im plica tions  of th e se  
f in d in g s  in  th e  deve lopm ent of ch ro n ic  d ila tional c a rd io m y o p a th y  a re  




Two g ro u p s  e ach  of 6 p u r e  b re d  beag le  dogs  w ere  u sed  in  th e  
s tu d y .  One g ro u p  c o n s is te d  of spec if ic  p a th o g e n  f r e e  females 
(Hazzleton R esearch  Animals Inc .,  C um berland , Va), w hich w ere  47 
w eeks old an d  w eighed  on  a v e r a g e  6.75 kg (ran g e :  6 to  8 kg) w hen 
in fec ted .  The second  g ro u p  (L ouisiana  S ta te  U n iv e rs i ty  Beagle Colony, 
Baton Rouge, La) w ere  from th e  same l i t t e r  (five males, 1 female), 13 
w eeks old and  w eighed  on a v e r a g e  3.28 kg  ( range : 3 to  3.6 kg) wrhen  
in fec ted .
All dogs  w ere  v a c c in a te d  a s  p u p p ie s  a g a in s t  B o rd e te l la . 
p a ra in f lu e n za ,  p a rv o v i ru s ,  d is te m p e r  v i ru s ,  h e p a t i t i s  v i ru s ,  rab ie s  
and  le p to sp iro s is .  They w ere  dewormed r e g u la r ly  an d  had  th re e  
co n se c u t iv e ly  n e g a t iv e  feca l exam inations p r io r  to  e n te r in g  th e  
s tu d y .  Animals w ere  h o u sed  in d o o rs  s in g ly  in  cag es  in a  fac ility  
a cc re d i te d  by  th e  American A ssociation fo r  A ccred ita tion  of 
L ab o ra to ry  Animal Care fo r  a  4 week acclim atization p e rio d  p r io r  to 
and  d u r in g  th e  s tu d y .  They  w ere  fed  a commercial d ry  dog chow. P r io r  
to  in it ia t ion  of th e  s tu d y ,  th e  exper im en ta l  p ro toco l was rev iew ed  
a n d  a p p ro v e d  by  th e  U n iv e rs i ty  Committee on th e  Use of Humans and  
Animals a s  R esearch  S u b je c ts .
P a ra s i te s  an d  exper im en ta l  in fec t io n s
T rypanosom a c ru z i  iso la tes  w ere  o b ta in ed  from an opossum  (Tc- 
0) an d  a dog (Tc-D) from Louisiana an d  m ain ta ined  a s  p re v io u s ly  
d e sc r ib e d  (C h ap te rs  1 and  2). T ry p o m as tig o te s  were  h a rv e s te d  from
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A frican  G reen Monkey Kidney Cells (Vero cells) ,  w ashed  3 times in 
Eagle Minimum E ssen tia l  Media (MEM; Gibco, G rand Is lan d , NY), p lu s  
100 IU penicillin , 100 ug  s tre p to m y c in ,  a n d  0.25 ug  of am pho teric in -B  
p e r  ml (an tim icrob ia ls). P a ra s i te s  w ere  c o u n ted  in  a  modified 
N eu b au er  hem acytom eter  an d  r e s u s p e n d e d  to  a  c o n c e n tra t io n  of 107 p e r  
milliliter in MEM p lu s  an tim icrob ia ls .
Two dogs from each  g ro u p  w ere  in o cu la ted  s u b c u ta n e o u s lv
be tw een  th e  sh o u ld e r  b lad es  w ith  5 X 103 t ry p o m a s t ig o te s  p e r  gm body  
w e igh t u p  to  a  maximum dose of 2 X 107 o rg an ism s  from e i th e r  T c-0  o r  
Tc-D, o r  w ith  MEM p lu s  an tim ic rob ia ls  (u n in fec te d  co n tro ls ) .
A n tigens  an d  m itogens
Soluble p a ra s i te  a n t ig e n  was p ro d u c e d  from T. c ru z i 
ep im astig o tes  of each  iso la te  (T c-0  an d  Tc-D) g row n in LIT media 
su p p lem en ted  w ith  10% FCS as  p re v io u s ly  d e s c r ib e d .19 P a ra s i te s  were 
h a r v e s te d  d u r in g  th e  log p h a se  of g row th , w ash ed  t h r e e  tim es in  0.01 
M p h o s p h a te  b u f fe re d  saline  (PBS), pH 7.2, f r e e z e / th a w e d  4 times (d ry  
ic e /a c e to n e  b a th )  an d  so n ica ted  w ith  a B ronson  Sonic Power Sonifier \\ 
350 (Plainview, NY) s e t  a t  50% of maximum. P a ra s i te  d e b r is  was
rem oved by  c e n tr i fu g a t io n  (100,000 X g fo r  1 h o u r  a t  4°C). Following
p ro te in  c o n te n t  d e te rm ina tion , th e  s u p e r n a t a n t  was f i l te re d  th ro u g h  a 
0.2 urn f i l te r  (Aci'odisc, Gelman Sc iences , Ann A rbor, Mi), a liquo ted  
in 0.5 ml volum es, a n d  s to re d  a t  -80°C.20
C oncanavalin  A (Con A), p h y to h e m a g g lu t in in  (PHA), and
pokew eed (PWM) m itogens (Sigma Chemical Co., St. Louis, MO) were 
re c o n s t i tu te d  w ith 0.1 M PBS, pH 7.2, s te r i l iz ed  by  f i l t ra t io n ,  
a liq u o ted ,  and  s to re d  a t  -80°C u n ti l  u sed .  A ntigens  an d  m itogens were
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made u p  to  final c o n c e n tra t io n  in  MEM su p p lem en ted  w ith  10% FCS 
hyc lone  (Sigma Chemical Co., St. Louis, MO).
ELISA a ss a y
The a s s a y  was c o n d u c te d  a s  p re v io u s ly  d e s c r ib e d  (B arr  e t  al.,
-  C h ap te r  2). B riefly , wells of f la t  bottom ed m ic ro t i te r  p la te s  
(Immulon 1R, D ynatech  L a b o ra to r ie s ,  A lexandria , Vi) w ere  coa ted  w ith 
2.5 ug  p e r  ml of p ro te in  a n t ig e n  in  50 u l of 0.1 M c a rb o n a te -  
b ic a rb o n a te  b u f f e r ,  pH 9.6, an d  in c u b a te d  o v e r n ig h t  a t  4°C. For u se , 
th e  p la te s  w ere  w ashed  t h r e e  times (3 m inu tes  p e r  w ash) in PBS, 
co n ta in in g  0.05% Tween 20 (Sigma). A fte r  w ash in g ,  50 ul of serum  
d ilu ted  to  1:64 in PBS-Tween 20 was a d d ed  to  each  well a n d  in c u b a ted  
fo r  2 h o u rs  a t  room te m p e ra tu re .  All sam ples w ere  t e s t e d  in 
d up lica te .  A fte r  f u r t h e r  w ash ing , 50 ul of a  1:1,000 d ilu tion  of 
a f f in i ty  p u r i f ie d ,  pe ro x id ase  c o n ju g a te d  goa t a n t i -d o g  IgG (h eav y  and 
l ig h t  chain  specific ; K irk e g a a rd  a n d  P e r r y  L a b o ra to r ie s  Inc., 
G a th e r sb u rg ,  MD) was a d d ed  to  each  well an d  in c u b a te d  fo r  2 h o u rs  at 
room te m p e ra tu re .  The p la te s  w ere  w ashed  an d  r e a c te d  w ith  100 ul of 
pe ro x id ase  s u b s t r a t e  p e r  well (9 p a r t s  of 0.8% 5-amino salicylic 
acid , pH 6, in  1 p a r t  0.05% H2O2). A fte r  30 m inu tes  th e  re a c t io n  was 
s to p p ed  w ith  25 ul of 1 M NaOH. Color deve lopm ent w as m easu red  with 
an  MR700 M icroplate R ead e r  (D ynatech) a t  a  w a v e le n g th  of 630 urn. 
R esu lts  a r e  e x p re s s e d  a s  a r b i t r a r y  u n i t s  (ELISA u n i t s  -  EU) defined  
on th e  b a s is  of a r e f e re n c e  pool of s e r a  from Tc-D T. c ru z i  in fec ted  
dogs to  w hich all o th e r  sam ples w ere  com pared . ELIZA u n i t  v a lu es  were 
c o n s id e re d  positi\-e if th e y  w ere g r e a t e r  th a n  3 tim es th e  mean EU 
re a d in g  from each  of 2 n e g a t iv e  co n tro l  sam ples. To s ta n d a rd iz e
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r e a d in g s  be tw een  p la te s ,  all EU v a lu e s  fo r  a  p la te  w ere  d iv ided  by  3 
tim es th e  mean EU of n e g a t iv e  co n tro l  sam ples fo r  t h a t  p la te  so th a t  
a n y  EU va lue  g r e a t e r  t h a n  1 was positive . These  v a lu es  w ere  called 
a d ju s t e d  EU v a lu es  (aEU). The optimum a n t ig e n ,  se rum  an d  c o n ju g a te  
c o n c e n tra t io n s  w ere  d e te rm in e d  a s  p re v io u s ly  d e sc r ib e d  (B arr  e t  al.,
-  C h ap te r  2).21
SDS-PAGE
T c-0  a n d  Tc-D a n t ig e n s  w ere  h ea ted  a t  100°C fo r  4 m inutes  in 
th e  p re s e n c e  of 5% ( v /v )  2 -m ercap to e th an o l an d  2% (w /v) SDS, and  r u n  
on an  SDS-PAGE slab  gel w ith  h ig h  an d  low m olecular w e ig h t  p ro te in  
s t a n d a r d s  (Bio-Rad). The 7.5% to  20% g ra d ie n t  gel w ith 4% stacking ' 
gel in Tris-HCl b u f f e r  (0.125 M, pH 6.8) was r u n  fo r  1 h o u r  a t  16 mA 
p e r  gel, and  4 h o u rs  a t  24 mA p e r  gel fo r  th e  s ta c k in g  an d  s e p a ra t in g  
gels  r e s p e c t iv e ly  in a  P ro tea n  II s lab  cell (BioRad). All r e a g e n ts  
w ere  e le c t ro p h o re s is  g ra d e  (BioRad).
Immunoblot
Soluble ep im astigo te  a n t ig e n  p re p a ra t io n s  (350 ug) of T c-0  
an d  Tc-D w ere  s e p a ra te d  b y  SDS-PAGE an d  e le c t r o - t r a n s f e r e d  fo r  18 h r s  
a t  65 V to  n itro ce llu lo se  s h e e ts  (T ran sb lo t  sy stem , BioRad) as 
p re v io u s ly  d e s c r ib e d .22 Following t r a n s f e r ,  th e  n itroce llu lose  
mem brane was  ^w ashed  in H2O a n d  b locked  in 0.15 M PBS co n ta in in g  0.3% 
Tween-20 an d  5% C arna tion  non f a t  d r y  milk (b lock ing  b u f fe r )  a f te r  
th e  p ro te in  m a rk e rs  w ere  c u t  off. S t r ip s  (4 mm wide) w ere  c u t  from 
th e  n itroce llu lo se  m em brane an d  in c u b a te d  fo r  1 h o u r  a t  37°C w ith  
pooled s e r a  from e i th e r  T c -0  o r  Tc-D in fec ted  do g s  a t  d a y s  35, 135
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an d  235 pi. Pooled s e r a  was d i lu ted  to  1:50 in  PBS co n ta in ing  1% 
b lock ing  b u f fe r .  S t r ip s  w ere  th e n  w ashed  tw ice fo r  10 m inutes  each  in 
PBS Tween-20, th e n  once in  PBS fo r  10 m inu tes , a n d  in c u b a te d  fo r  1 
h o u r  a t  37°C w ith  1:1000 d ilu tion  of a f f in i ty -p u r i f ie d ,  pe rox idase  
c o n ju g a te d  goat a n t i -d o g  IgG (h eav y  an d  l ig h t  ch a in  specific; 
K irk eg aa rd  an d  P e r r y  L ab o ra to r ie s  Inc .,  MD) in  1% b locking  b u ffe r .  
The s t r i p s  w ere  ag a in  w ash ed  a n d  re a c te d  w ith  0.3% 4 - c h lo r o - l -  
n a p h th o l  (BioRad) in  20 ml of ice cold m ethanol an d  100 ml of PBS a t  
room te m p e ra tu re  co n ta in in g  0.018% H2O2. The re a c t io n  was s to p p ed
a f t e r  i t  re a c h e d  th e  d e s i r e d  v isu a l  en d  p o in t b y  r in s in g  th e  s t r ip s  
in dH20, an d  a i r  d r ied .
L ym phocyte  b la s to g en e s is  a s s a y
P r io r  to  and  a t  se lec ted  times th r o u g h o u t  th e  experim en t,  3 
mis of blood was d raw n  from th e  ju g u la r  v e in  in to  h ep a r in ized  tu b e s  
and  c e n t r i fu g e d  (450 g, 15 m inutes) to  o b ta in  b u ffy  coat cells which 
w ere  r -esuspended  in  MEM. P e r ip h e ra l  blood m ononuclear cells (PBMC) 
w ere  s e p a ra te d  from o th e r  blood com ponents  a n d  try p o m as t ig o te s  u s in g  
a d isco n t in u o u s  ficoll (Sigma Chemicals Co., St. Louis, MO) g ra d ie n t  
a s  p re v io u s ly  d e s c r ib e d .23 Cells w ere  w ashed  3 times by 
c e n t r i fu g a t io n  (450 g, 10 m inu tes , 4°C) in  MEM, c o u n ted  in a  modified 
N eu b au er  hem acytom eter  a n d  v iab il i ty  d e te rm ined  b y  t r y p a n  blue 
exclusion. Cells w ere  d ilu ted  to  2 X 106 p e r  ml in  MEM-10% FCS 
hyclone  p lu s  100 IU penicillin , 100 u g  s trep to m y c in ,  an d  0.25 ug of 
am pho te r ic in -B  p e r  ml, and  a d d ed  to  th e  wells of f la t  bottomed t i s s u e  
c u l tu re  p la te s  (C os ta rR, Data P ackag ing  Co., C am bridge, MA) with 
m itogens, o r  ro u n d  bottom ed t i s s u e  c u l tu re  p la te s  (L inb roR, Flow
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L ab o ra to r ie s  Inc .,  McLean, VA) w ith  T c -0  a n t ig e n  in  volum es of 100 ul 
(2 X 105 cells  p e r  well). A n tig en s  an d  m itogens w ere  d i lu te d  in  MEM 
and  10% FCS hyclone, an d  a d d e d  to  th e  wells. All sam ples w ere  te s te d  
in  t r ip l ic a te .  Optimal c o n c e n tra t io n s  of a n t ig e n  (T c-0 , 1 ug  p e r  ml) 
an d  m itogens (Con A, 5 u g  p e r  ml; PHA, 5 ug  p e r  ml; PWM, 8 ug  p e r  ml) 
th a t  p ro d u c e d  optimal s tim ula tion  of PBMCS from all dogs  w ere  
d e te rm in ed  p r io r  to  in fec tion . C u l tu re s  w ere  in c u b a te d  a t  37°C, 5%
CO2 fo r  3 d a y s  fo r  m itogens  a n d  5 d a y s  fo r  a n t ig e n s ,  th e n  p u ls e d  fo r  
18 h o u rs  w ith  1 uCi of 3H -  thym id ine  (New E n g lan d  N uclear Corp., 
Boston, MA). Cells w ere  h a r v e s te d  a n d  c o u n ts  p e r  m inute  (cpm) 
m easu red  by  liqu id  sc in t i l la tion  s p e c t ro sc o p y .  The r e s u l t s  a re  
e x p re s s e d  a s  s tim ula tion  index  (SI = cpm of s tim u la ted  c u l tu re s /c p m  
of u n -s t im u la te d  c u l tu r e s )  o r  n e t  cpms (cpm of s t im u a ted  c u l tu r e -  
cpm of u n -s t im u la te d  c u l tu re ) .
S ta t i s t i c s : S tu d e n t ’s u n p a i re d  2 -ta i led  t  t e s t  was u se d  to  com pare 
th e  mean d if fe re n c e s  in a n t ib o d y  t i t e r s  an d  stim ula tion  index  betw een 
normal a n d  in fe c ted  dogs. F in d in g s  w ere  c o n s id e re d  s ig n if ic a n t  a t  P <
0.05. B ars  on all g r a p h s  r e p r e s e n t  th e  s t a n d a r d  e r r o r  of th e  mean. A 
SI g r e a t e r  th a n  2.0 was c o n s id e re d  s ig n if ic a n t  b a se d  on th e  95th 
p e rc e n t i le  of p re - in fe c t io n  v a lu e s  of 12 dogs.
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RESULTS
Clinical outcome of in fec tion
A m arked  d i f fe re n c e  in  th e  c linical outcome b e tw een  T c -0  an d  
Tc-D in fec ted  do g s  w as o b s e r v e d  an d  h a s  b een  d e sc r ib e d  in detail  
e lsew h e re  (C h a p te rs  5, 6 a n d  8). Briefly , d u r in g  th e  237 day
exper im en ta l  p e r io d ,  clin ical, c lin ical pa tho log ic , c a rd iac  
isoenzym es, e le c t ro c a rd io g ra p h ic  a n d  ech o c a rd io g ra p h ic  d a ta  w ere  
s tu d ie d  an d  fo u n d  to  be norm al in all Tc-D in fe c ted  dogs. 
Paras item ias , a l th o u g h  s u b p a te n t ,  rem ained  p r e s e n t  in th e s e  dogs 
th r o u g h o u t  th e  exp er im en ta l  p e r io d . This was c o n t r a r y  to  da ta  
co llected  from th e  T c -0  in fe c ted  dogs. Dogs in  th i s  g ro u p ,
i r r e s p e c t iv e  of th e i r  age  a t  in fec tion , developed  a c u te  m yocard it is  2
to  3 w eeks pi, w hich was fa ta l  in  1 dog 28 d ay s  pi. Pa ras item ias  w ere
d e tec ta b le  in all dogs  9 d a y s  pi, p eak ed  2 to  3 w eeks pi w hen  a cu te  
m yo card it is  deve lo p ed , t h e n  became s u b p a te n t  o r  n e g a t iv e  by  36 day s  
pi. S u r v iv o rs  of a cu te  d isea se  rem ained  clinically  normal fo r  sev e ra l  
m onths p i th e n  deve loped  e lec tro c a rd io lo g rap h ic  abnorm alit ie s  and  
dilational m yocard itis .  At n e c ro p sy ,  Tc-D in fe c te d  dogs  had  minor 
ca rd iac  c h a n g e s  in com parison  to  th e  b iv e n t r ic u la r  d ila tion, ca rd iac  
wall th in n in g ,  multifocal m ononuclear ce l lu la r  in f i l t r a te  and
ex ten s iv e  f ib ro s is  th r o u g h o u t  th e  ca rd iac  t i s s u e  in T c -0  in fec ted  
dogs.
Serologic an a ly s is
F ig u re  1 shows a n t ib o d y  levels  to T. c ru z i  d e te c te d  by  ELISA 
in T c -0  an d  Tc-D in fe c ted  dogs  th r o u g h o u t  th e  experim en ta l period .
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Dogs in  bo th  g ro u p s  had  d e tec tab le  a n t ib o d y  levels  to  T. c ru z i  by day 
26 p i w ith  no s ig n if ic a n t  d if fe ren c e  (P < 0.05) be tw een  th e  2 g ro u p s  
a t  a n y  time. A ntibody  leve ls  ro se  g ra d u a l ly  u n t i l  day  152 pi w hen 
t h e r e  was a two fold in c re a s e  in  a n t ib o d y  levels  w hich th e n  showed a 
c o n t in u e d  in c re a se  t h r o u g h o u t  th e  ex per im en ta l  pe r io d . S ta t is t ic a l  
d i f fe ren c e  (P < 0.05) w ere  n o t  o b s e r v e d  in  a n t ib o d y  levels  to  T. 
c ru z i  a t  a n y  time d u r in g  in fec tio n  b e tw een  Tc-D an d  T c -0  in fe c ted  
d ogs , n o r  be tw een  dogs  of d i f f e r e n t  a g es  in fe c ted  w ith  th e  same T. 
c ru z i  isolate.
W estern  Blot a n a ly s is
S e ra  w ere  se lec ted  a t  d a y s  35, 135, and  235 pi b ecau se  th e se  
times te n d e d  no t only  to  r e f le c t  th e  main p h a se s  of in fec tion  (acu te , 
in d e te rm in a te ,  and  ch ro n ic  re s p e c t iv e ly )  b u t  also when c h a n g e s  in 
a n t ib o d y  t i t e r s  o c c u r re d  (Fig. 1). G enerally , s e r a  fi'om T c -0  in fec ted  
dogs re c o g n ise d  more p ro te in  b a n d s  in bo th  of th e  a n t ig e n  
p r e p a r a t io n s  th a n  s e r a  from Tc-D in fe c ted  do g s  (Fig. 2). Also, more 
p ro te in  b a n d s  w ere  reco g n ized  in  th e  T c -0  th a n  in th e  Tc-D a n t ig e n  
p re p a ra t io n  by  s e r a  from dogs  in fe c ted  w ith  e i th e r  T c -0  o r  Tc-D 
iso la tes .  F u r th e rm o re ,  some d if fe re n c e s  in  p ro te in  band  reco g n it io n  
p a t t e r n  o c c u r re d  w ith in  each  a n t ig e n  p re p a ra t io n  exposed  to  d i f f e r e n t  
s o u rc e s  of s e ra .  T h e re  was a  similar p a t t e r n  of p ro te in  b an d  
re c o g n it io n  by  s e r a  from b o th  g ro u p s  of in fe c ted  dogs  in  bo th  a n t ig e n  
p re p a ra t io n  above  th e  80 kDa MW band . Below th e  80 kDa b a n d s ,  
v a r ia t io n  in a n t ig e n  reco g n it io n  p a t t e r n  was d e p e n d e n t  on th e  so u rce  
of s e r a  te s t e d  an d  g e n e ra l ly  in d e p e n d e n t  of a n t ig e n  p re p a ra t io n .
Some specific  s im ilarities  a n d  d if fe re n c e s  w ere  d e tec te d  in
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a n t ib o d y  r e s p o n s e s  by  th i s  an a ly s is .  F i r s t ly ,  common a n t ig e n  b an d s  
w ere  reco g n ize d  in bo th  a n t ig e n  p r e p a r a t io n s  b y  s e r a  from both  Tc-D 
a n d  T c -0  in fe c ted  dogs, in c lu d in g  an  80 kDa b an d  on  d a y s  35, 135, and  
235 pi, a n d  a  114 kDa b an d  on d a y s  135 an d  235 pi. Secondly , s e ra  
from b o th  Tc-D a n d  T c -0  in fe c te d  d o g s  re c o g n ize d  spec ific  b a n d s  in 
only  one of th e  a n t ig e n  p re p a ra t io n s .  For example, a  123 kDa p ro te in  
b an d  was re c o g n ize d  in  on ly  th e  Tc-D a n t ig e n  p re p a ra t io n  on d ay s  135 
a n d  235 p i by  s e r a  from b o th  g ro u p s  of in fe c ted  dogs. F u r th e rm o re ,  a 
90 kDa d o u b le t  was s t r o n g ly  re c o g n ize d  in  th e  Tc-D a n t ig e n  
p r e p a ra t io n  on  d a y s  35, 135 a n d  235 pi. This d o u b le t  w as on ly  weakly 
reco g n ized  in  th e  T c -0  a n t ig e n  p r e p a ra t io n  by  s e r a  from T c -0  an d  Tc-D 
in fec ted  dogs  on d a y s  135 an d  235 pi. T h ird ly ,  s e r a  from dogs 
in fe c ted  w ith  one of th e  two iso la tes  spec if ica lly  re c o g n ize d  c e r ta in  
p ro te in  b a n d s  in bo th  a n t ig e n  p re p a ra t io n s .  For example, a  23 kDa 
p ro te in  ban d  in bo th  a n t ig e n  p r e p a r a t io n s  was s t r o n g ly  reco g n ized  by 
s e r a  from Tc-D in fe c ted  do g s  b u t  only  w eakly  by  s e r a  from Tc-0  
in fe c ted  dogs  on d ay s  35, 135, a n d  235 pi. Also, a  p ro te in  band  less  
th a t  7 kDa in bo th  a n t ig e n  p re p a ra t io n s  (d a ta  n o t shown) was 
reco g n ized  by  s e r a  from on ly  T c -0  in fe c ted  dogs  on d a y s  135 an d  235 
pi. F inally , s e r a  from Tc-D in fe c ted  dogs  on day  35 pi s t ro n g ly  
reco g n ized  a  50 kDa p ro te in  ban d  in  th e  Tc-D a n t ig e n  p re p a ra t io n .  
This ban d  was no t re c o g n ize d  in  th e  T c -0  a n t ig e n  p r e p a ra t io n  and  only 
v e r y  w eakly  by  s e ra  from Tc-D in fe c ted  dogs  on d a y s  135 a n d  235 pi.
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P e r ip h e ra l  blood m ononuclear cell b la s togen ic  r e s p o n s e s  to  m itogens 
an d  a n t ig e n s
The mean cpm fo r  u n -s t im u la te d  cells  fo r  all dogs  th r o u g h o u t  
th e  ex p er im en t was 458.52 + 698.87 (1 SD) w ith  a  r a n g e  of 4626.93 to  
57.67 cpm. P e r ip h e ra l  blood m ononuclear cells  from T c -0  an d  Tc-D 
in fe c ted  do g s  show ed sim ilar in  v i t r o  r e s p o n s e s  to  m itogens. At no 
time w ere  th e s e  r e s p o n s e s  s ig n if ic a n t ly  d i f f e r e n t  (P < 0.05) from 
co n tro l  v a lu es  d u r in g  th e  in fec tion  (Fig. 1). R esponses  to  Con A w ere  
h ig h e r  t h a n  th o s e  to  PHA w hich  w ere  h ig h e r  t h a n  r e s p o n s e s  to  P\vM 
(Table 1). R esp o n ses  to  m itogens  a s  m easu red  b y  n e t  cpm showed m arked  
f lu c tu a t io n s  from one sample day  to  a n o th e r .  An example of th is  
f lu c tu a t io n  o v e r  time is show n b y  PBMC r e s p o n s e s  to  Con A (Fig. 3).
At no time d id  in fe c te d  d o g s  show a s u p p re s s io n  of r e s p o n s e s  to 
m itogens.
P e r ip h e ra l  blood m ononuclear cell p ro l i fe ra t iv e  re s p o n s e s  to  
T. c ru z i  a n t ig e n s  w ere  no t d e te c te d  in  c o n tro ls  o r  in fe c ted  dogs 
p r io r  to  in fec tion . In  in fe c te d  dogs , PBMCs showed a  s ig n if ic a n t ly  
d i f f e r e n t  r e s p o n s e  from u n in fe c te d  con tro l  dogs (P < 0.05, SI > 2) a t  
d a y s  70 a n d  175 pi (Fig 4). At on ly  one time d u r in g  th e  exper im en ta l  
p e r io d  did  2 co n tro l  d o g s  show re s p o n s e s  to  T. c ru z i  a n t ig e n s  similar 
to  in fe c ted  dogs  (SI > 2) , th i s  be ing  on day  91 pi.
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DISCUSSION
This is  th e  f i r s t  s tu d y  t h a t  d e ta i ls  th e  lo ng itud ina l 
ce l lu la r  a n d  hum oral immune r e s p o n s e s  of dogs  in fe c ted  with 
p a th o g en ic  a n d  n o n -p a th o g e n ic  iso la tes  of T. c ru z i  to  th i s  p a ra s i te .  
Dogs in fe c ted  w ith  e i th e r  n o n -p a th o g e n ic  o r  p a th o g en ic  T. c ru z i  
iso la tes  p ro d u c e d  e lev a ted  a n t ib o d y  levels  a g a in s t  T. c ru z i  by  4 
w eeks pi. This  is  a  p e r io d  of d e c re a s in g  p a ras i tem ias  (B arr  e t  a l. ,-  
C h ap te r  5). A ntibody  leve ls  p e r s i s t e d  fo r  many m onths, and  in one 
dog in fe c ted  w ith  th e  n o n -p a th o g e n ic  T. c ru z i  iso la te  (Tc-D), h igh  
a n t ib o d y  levels  p e r s i s te d  fo r  a t  le a s t  490 days. This is c o n s is te n t  
w ith  f in d in g s  in mice in  w hich a n t ib o d y  t i t e r s  p e r s i s t  fo r  long 
p e r io d s .25*26 P e r s i s te n t  a n t ib o d y  t i t e r s  have  a lso  been  r e p o r te d  in 
man an d  m onkeys.9*27
Dogs in fec ted  w ith  e i th e r  th e  pa th o g en ic  o r  n o n -p a th o g e n ic  
iso la te  had  similar a n t ib o d y  levels  th r o u g h o u t  th e  experim en t. These  
o b s e rv a t io n s  d if fe r  from th o s e  in hum an p a t ie n ts .  In  one su ch  s tu d y ,  
p a t ie n ts  in fe c ted  w ith T. c ru z i  developed  a n t i - T. c ru z i  an t ib o d y  
t i t e r s ,  b u t  th o se  p a t ie n ts  who had  ca rd iom yopathy  had  s ig n if ic an tly  
h ig h e r  t i t e r s  th a n  th o se  w ith  no ev id en ce  of h e a r t  d isea se .29
T h ere  is a co n s id e ra b le  body  of ev id en ce  w hich fa v o rs  th e  
ro le  of a n t ib o d y  in  th e  p a th o g e n e s is  of Chagasic c a rd io m y o p a th y .3 Our 
d a ta  show s th a t  dogs  w ith  a  T. c ru z i  in d u ced  ch ro n ic  dilational 
card io m y o p a th y  develop  a n t ib o d y  levels  similar to  th o se  in  T. c ru z i  
in fec ted  dogs w ithou t h e a r t  d isease . This s u g g e s t s  th a t  more specific  
s tu d ie s  a re  r e q u i r e d  to  e lu c id a te  th e  ro le  of a n tib o d y , if a n y ,  in 
th e  g e n e ra t io n  of h e a r t  d isease . The dog model d is c u s se d  could
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p ro v id e  co n s id e ra b le  a d v a n ta g e s  in  su ch  s tu d ie s .
As w ith  p re v io u s ly  d e sc r ib e d  immunoblots of T. c ru z i  a n t ig e n s  
u s in g  s e r a  from in fe c ted  anim als, th e  g en e ra l  p a t t e r n  show-n in o u r  
d a ta  is complex.30-32 P rev io u s  s tu d ie s  h av e  show n th a t  b o th  human 
chagas ic ,  r a b b i t  a n t i - t ry p o m a s t ig o te  (Y s t r a in )  a n d  mouse a n t i -  
t ry p o m as t ig o te  (Y s t r a in )  s e r a  c o n s is te n t ly  reco g n ize  a  90 to  95 kDa 
an d  80 to  75 kDa p ro te in  b a n d s  common to  ep im astigo te  fo rm s.30-33 
S e ra  from dogs  d u r in g  th e  a cu te ,  in d e te rm in a te  a n d  ch ro n ic  s ta g e s  of 
th e  d isease  a lso  re c o g n ize s  th e s e  two p ro te in  b a n d s .  The 90 kDa 
p ro te in  may c o r re sp o n d  to  th e  90 kDa g ly c o p ro te in  d e sc r ib e d  by  S n a ry  
(1980) an d  th e  95 kDa p ro te in  reco g n ized  b y  hum an C hagasic  s e r a .30>34 
This p ro te in  b an d  is common to  ep im astigo tes  d e r iv e d  from many 
d i f f e r e n t  c lones  o r  s t r a in s  from d i f f e r e n t  g e o g ra p h ic  a r e a s .30*34 The 
80 KDa p ro te in  id en tif ied  by  all s e r a  in o u r  s tu d y  may c o r re s p o n d  to 
th e  80 to  75 KDa g ly c o p ro te in  fo u n d  in a  n u m b er  of c lones and  
s to c k s .30 Zingales (1984) fo u n d  th a t  th i s  a n t ig e n  was s t ro n g ly  
reco g n ized  by  all ch ag as ic  s e r a  t e s t e d ,  w h ere  a s  th e  95 KDa 
g ly co p ro te in  was le ss  n o ticeab ly  re c o g n ize d  by s e ra  of lower in d ire c t  
im m unofluorescence  t i t e r s .  This may explain w hy some a u th o r s  a re  
u n ab le  to  id e n t i fy  th e  95 KDa a n t ig e n  in  th e i r  s tu d ie s  of th e  
ep im astigo te  s ta g e .31 C er ta in ly ,  in o u r  s tu d ie s ,  a 90 KDa p ro te in  was 
more d iff icu l t  to  d e te c t  w hen  a n t ib o d y  levels  to  T. c ru z i  were  low 
an d  th a t  th e  80 KDa p ro te in  was a lw ays in te n se ly  reco g n ized  by  s e r a  
ta k e n  a t  all p h a s e s  of in fec tion . In  some im m unoblots, th e  90 kDa 
p ro te in  was only  w eakly  reco g n ized  in T c -0  a n t ig e n  p re p a ra t io n s  
i r r e s p e c t iv e  of w h e th e r  s e r a  came from T c-0  o r  Tc-D in fec ted  dogs. 
This s u g g e s t s  th a t  th is  a n t ig e n  was p r e s e n t  in lower q u a n t i t ie s  in
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th e  T c -0  a n t ig e n  p re p a ra t io n .  These  s tu d ie s  s u g g e s t  t h a t  T. c ru z i  
iso la tes  from an  opossum  a n d  n a tu ra l ly  in fe c te d  dog from North 
America co n ta in  th e  m ajor a n t ig e n s  fo u n d  in  p a th o g en ic  S ou th  American 
iso la tes .  F u r th e rm o re ,  pooled s e r a  from dogs  in fe c te d  w ith  th e se  
iso la tes  re co g n ize  e p i to p es  on  th e s e  p ro te in s ,  e sp ec ia l ly  th e  80 kDa 
p ro te in ,  th ro u g h o u t  in fec tion .
The in  v i t r o  p ro l i fe ra t iv e  cap ac it ie s  of PBMCs from human 
p a t ie n t s  s u f fe r in g  from card io m y o p a th y , m e g aeso p h ag u s  a n d  megacolon 
cau se d  by  T. c ru z i  do n o t  d if f e r  from  th e  r e s p o n s e s  of PBMCs from 
u n in fe c ted  in d iv id u a ls  in  th e i r  r e s p o n s e  to  m itogens .35' 37 Our 
r e s u l t s  show th a t  r e s p o n s e s  to  m itogens of PBMCs from bo th  g ro u p s  of 
T. c ru z i  in fe c ted  dogs w ere  a lso  n o t  s ig n if ic a n t ly  d i f f e r e n t  from 
u n in fe c te d  co n tro l  dogs. Similar f in d in g s  have  been  d e m o n s tra ted  in 
T. c ru z i  in fe c ted  s q u i r r e l  m on k ey s .10
The in ab ili ty  of PBMCs from T. c ru z i  in fe c te d  dogs  to  re s p o n d  
to  ep im astigo te  a n t ig e n s  d u r in g  th e  a c u te  s ta g e  of in fec tion  (d u r in g  
th e  f i r s t  40 d ay s  of in fec tion )  co incided  w ith  th e  pe riod  w hen  
pa ra s i tem ias  w ere  h ig h es t .  At app rox im ate ly  day  40 pi, p a ras i tem ias  
had  d ro p p e d  to  n o n -q u a n t i f ia b le  levels  a n d  PBMC re s p o n s e s  to 
ep im astigo te  a n t ig e n s  b e g a n  to  in c re a se .  This  p a t t e r n  of 
u n re s p o n s iv e n e s s  to  ep im astigo te  a n t ig e n s  d u r in g  th e  a cu te  s ta g e  of 
T. c ru z i  in fec tion  h a s  also b een  d e m o n s tra ted  in  mice a n d  is th o u g h t  
to  be due  in p a r t  to  a nu m b er of fa c to r s  in c lu d in g  s u p p r e s s o r  
m acro p h ag es , d e f ic ien t  T h e lp e r -c e l l  a c t iv i ty ,  an d  re d u c e d
in te r le u k in -2  p ro d u c t io n .38>39'43' 47 Mice a lso  r e c o v e r  th e i r  ab ility  
to  r e s p o n d  to  specific  a n t ig e n s  soon a f t e r  th e  d is a p p e a ra n c e  of th e  
p a ra s i tem ia .39 Little  work has  been  done in man to  ev a lu a te  th e
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immune s t a t u s  d u r in g  a c u te  in fec tion  a l th o u g h  i t  h a s  been  shown th a t  
a c u te  ch ag as ic  p a t ie n ts  may ex h ib it  r e d u c e d  c u ta n e o u s  r e a c t iv i ty  to 
T. c ru z i  a n t ig e n s .48
In  v i t ro  p ro l i fe ra t io n  of hum an PBMCs from p a t ie n ts  w ith 
ch ro n ic  C h ag a s ’ d isea se  o c c u r s  in  r e s p o n se  to  so lub le  ep im astigo te  
a n t ig e n  w h ere  cells  from u n in fe c te d  co n tro l  p a t ie n t s  do not 
p ro l i fe ra te .  No s ig n if ic a n t  d if fe ren c e  in  cell r e s p o n s iv e n e s s  to  
so lub le  ep im astigo te  a n t ig e n  o c c u r s  be tw een  v a r io u s  clin ical g ro u p s  
( in d e te rm in a te  o r  card io m y o p a th y )  of T. c ru z i  in fec ted  
in d iv id u a ls .29-37^  F u r th e rm o re ,  i t  h a s  been  r e p o r te d  t h a t  ce llu la r  
re s p o n s e  to  d i f f e r e n t  s t r a in s  o r  c lone a n t ig e n s  a r e  no t s ig n if ic an tly  
d i f f e r e n t .42 PBMCs from in fe c ted  dogs  w ere  s tim u la ted  s ig n if ic an tly  
above  co n tro l  v a lu e s  d u r in g  th e  in d e te rm in a te  p e r io d  (70 d ay s  pi) and  
th e  ch ro n ic  p e r io d  (175 d a y s  pi). A dditionally , as  in  hum an p a t ie n ts ,  
t h e r e  was no s ig n if ic a n t  d if f e re n c e  be tw een  in fe c ted  dogs show ing no 
d isea se  o r  dogs  w ith  h e a r t  d isease . These  r e s u l t s  s u p p o r t  the  
h y p o th e s i s  t h a t  PBMC b la s to g en ic  r e s p o n s e s  to  c r u d e  T. c ru z i  a n t ig e n s  
a re  no t a  re liab le  in d ic a to r  of ch ro n ic  Chagasic  c a rd iac  d isease . I t  
may fina lly  be s u g g e s te d  t h a t  ce l lu la r  r e s p o n s e s  do no t p lay  a role 
in th e  p a th o lo g y  of th is  d isease . However, t h e r e  is a co n s id e ra b le  
body  of e v id en ce  in s tu d ie s  in r a b b i t s ,  mice, a n d  man, t h a t  cell 
m edia ted  immune r e s p o n s e s  p lay  a  m ajor ro le  in chagas ic  
c a rd iom yopa thy . A lthough  much of th is  ev id en ce  in d ic a te s  th e  p re se n c e  
of an  a n t ig e n ic  d e te rm in a n t  common to  bo th  T. c ru z i  an d  h e a r t  cells 
w hich is also re c o g n ize d  by  immune T -ce lls ,  f u r t h e r  s tu d ie s  a re  
r e q u i r e d  to  c la r ify  th e  role of ce llu la r  immunity in  chagas ic  
c a rd io m y o p a th y .3 As th e  dog show's similar PBMC r e s p o n s e s  to  m itogens
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a n d  T. c ru z i  a n t ig e n s  to  th o s e  d e sc r ib e d  in  man a n d  o th e r  animal 
models, th i s  s u g g e s t s  t h a t  th e  dog may be a  u s e fu l  model fo r  su ch  
s tu d ie s .
The r e s u l t s  p r e s e n t e d  h e re  docum ent th e  lo n g i tu d in a l  hum oral 
a n d  ce l lu la r  immune r e s p o n s e s  to  p a th o g en ic  a n d  n o n -p a th o g e n ic  
iso la te s  of T. c ru z i  in  th e  dog. R esu lts  s u g g e s t  t h e r e  a r e  m arked  
s im ila rities  b e tw een  immune r e s p o n s e s  in  th e  dog a n d  th o s e  in 
in fe c ted  hum ans. This d a ta  f u r t h e r  e x p an d s  th e  p o te n t ia l  ro le  of th e  
can ine  model fo r  hum an Chagas* d isease .
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FIGURE LEGENDS
F ig u re  1. Mean serum  a n t ib o d y  levels  to  T. c ru z i  vs . d a y s  p o s t ­
in fec tion  fo r  T c -0  in fe c ted  dogs (•— •) an d  Tc-D in fe c ted  dogs  (o— o) 
e x p re s s e d  a s  aEU. B ars  r e p r e s e n t  s t a n d a r d  e r r o r  of th e  mean.
F ig u re  2. T. c ru z i  ep im astigo te  a n t ig e n s  of each  iso la te  ( lanes  1-7, 
Tc-0 ; lan es  8-14, Tc-D) w ere  e le c tro p h o re t ic a l ly  s e p a ra te d  in  7.5- 
20% SD S-polyacry lam ide  ge ls , t r a n s f e r e d  to  n i troce llu lo se  p a p e r ,  an d  
re a c te d  w ith  pooled s e r a  from T c-0  in fec ted  do g s  (lanes  1-3 an d  lanes  
8-10), Tc-D in fe c ted  dogs  (lanes 4-6 and  11-13), o r  u n in fe c ted  
co n tro l  dogs  (lanes 7 an d  14). The re la t iv e  m igration  of m olecular 
w e ig h t  s t a n d a r d s  (X 1,000) fo r  th e  T c -0  a n t ig e n  p re p a ra t io n  is 
in d ica ted  to  th e  le ft ,  an d  to th e  r i g h t  fo r  th e  Tc-D a n t ig e n  
p re p a ra t io n .
F ig u re  3. P ro life ra t iv e  r e s p o n s e s  in v i t ro  of PBMCs from T c-0
in fec ted  dogs {•----- •), Tc-D in fe c ted  dogs  (o o), and  co n tro l  dogs
(a— a ) to  concanavalin  A o v e r  237 days. Data p o in ts  r e p r e s e n t  mean 
n e t  c o u n ts  p e r  minute. B ars  r e p r e s e n t  s ta n d a r d  e r r o r  of th e  mean.
F ig u re  4. Mean PBMC b la s to g en ic  r e s p o n s e s  to  T. c ru z i  ep im astigote  
a n t ig e n  ( lu g /m l)  vs . d ay s  p o s t - in fe c t io n  fo r  T c -0  in fe c ted  dogs
(•------- •  ), Tc-D in fec ted  d o g s  (£>----- o), and  co n tro l  dogs  (A—-•£). Bars
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PATHOLOGY IN DOGS EXPERIMENTALLY INFECTED WITH 
NORTH AMERICAN TRYPANOSOMA CRUZI ISOLATES
S te p h e n  C. B arr ,  P e te r  S. Schm idt, C orrie  Brown, Thomas R. Klei.




N ineteen p u r e  b re d  beag le  dogs  of d i f f e r e n t  a g es  (4, 5, 13, an d  47 
w eeks) w ere  in fe c ted  in 3 ex p er im en ts  w ith  N orth  American T. c ru z i  
iso la tes  from an  opossum  (Tc-O), an  armadillo  (Tc-A), o r  a  dog (Tc- 
D). Dogs from all e x p e r im en ts  w ere  ab le  to  be g ro u p e d  b a se d  on th e  
clinical outcome of in fec tion . One g ro u p  of 7 dogs in fe c ted  w ith T c-0  
o r  Tc-A died d u r in g  a c u te  d isease  (g ro u p  1). Group 2 c o n s is ted  of 5 
dogs in fe c te d  w ith  T c -0  o r  Tc-A w hich  also  d eve loped  a c u te  d isease  
b u t  s u rv iv e d  to  develop  ch ro n ic  d isease . Group 3 c o n s is te d  of 7 Tc-D 
in fec ted  dogs  w hich n e i th e r  deve loped  a cu te  n o r  ch ro n ic  d isease . A 
f o u r th  g ro u p  of 2 dogs  a g e s  13 w eeks a n d  2 dogs a g ed  47 w eeks s e rv e  
as u n in fe c ted  c o n tro ls  (g ro u p  4).
G ross les ions  fo u n d  in  g ro u p  1 dogs in c lu d e d  d if fu se ly  pale 
m yocardium, r ig h t  v e n t r i c u la r  en la rg em en t,  hepatom egaly  an d  a 
m odera te  am ount of modified t r a n s u d a te  in  th e  abdom inal cav ity .  A 
sev e re  d if fu se  g ran u lo m ato u s  m yocard it is ,  l a rg e  n u m b ers  of 
p s e u d o c y s ts  a n d  minimal f ib ro s is  was found  in  t i s s u e s  from all 
c a rd iac  c h am b ers  and  sep tum , b u t  was most s e v e re  in  th e  r i g h t  h e a r t .  
Multifocal e n ce p h a l i t is  a n d  p s e u d o c y s ts  w ere  o b s e r v e d  in  th e  c e re b ra l  
co rtex , cerebe llum  a n d  b ra in  stem of all g ro u p  1 dogs. A mild 
m ultifocal m yositis  was o b s e r v e d  in most ske le ta l  m uscles  examined. 
Smooth m uscles  of s e v e ra l  o rg a n s  (b la d d e r ,  small in te s t in e )  w ere  also 
invo lved . P s e u d o c y s ts  w ere  p r e s e n t  in  most m uscles.
Dogs in g ro u p  2 had  b i la te ra l  v e n t r ic u la r  en la rg em e n t  an d  th in n in g  
of bo th  v e n t r ic u la r  f ree  walls, a l th o u g h  th e  r ig h t  was most s e v e re ly  
a ffec ted .  Mild multifocal in te r s t i t i a l  m ononuclear ce llu la r  
in f i l t r a te s ,  p e r iv a s c u l i t i s ,  an d  m arked  f ib ro s is  w ere  o b se rv e d
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th r o u g h o u t  all a re a s  of th e  myocardium . Mild m ultifocal en cep h a li t is  
a n d  m yositis  w ere  seen  in  all a r e a s  of th e  b ra in  examined an d  
sk e le ta l  m uscles in  most dogs  in  g ro u p  2. P se u d o c y s ts  w ere  no t 
o b s e rv e d  in  a n y  t i s su e s .
T hree  of 7 dogs  in g ro u p  3 had  mild b i la te ra l  v e n t r ic u la r  
dila tion, an d  minimal inflammation a n d  f ib ro s is  in  c a rd iac  t i s su e s .  
Multifocal e n cep h a li t is  was s ee n  in  th e  b ra in  stem of 2 of th e s e  3 
dogs. Multifocal m yositis  was o b s e r v e d  in  most sk e le ta l  m uscles  
examined. No les ions  w ere  fo u n d  in  dogs in  g ro u p  4.
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T rypanosom a c ru z i  is enzootic  among wild animals in s o u th e rn  a re a s  
of th e  U nited  S ta te s .1-4 S ev e ra l  a cu te  ca se s  of canine  
t ry p a n o so m ias is  have  b een  r e p o r te d  from s e v e ra l  s o u th e r n  s t a t e s .5-10 
B ecause of th e  ra p id  o n s e t  a n d  fa ta l  outcome of a cu te  T. c ru z i  
in fec tion , most c a se s  hav e  been  d iag n o sed  a t  n e c ro p sy .  These  r e p o r t s  
have  a d d ed  much to  o u r  know ledge  of th e  p a th o lo g y  a sso c ia ted  with 
a c u te  n a tu ra l  cases . Only 2 ch ro n ic  c a se s  of c an in e  try p an o so m ias is  
have  been  r e p o r te d  in  th e  U nited  S ta te s .11 These  ca se s  w ere  also 
d iag n o sed  a t  n e c ro p sy .  T h u s ,  on ly  a limited, sp e c tru m  of pa tho logy  
a sso c ia ted  w ith ch ro n ic  d isea se  h a s  b een  r e p o r te d .  L ittle  is known 
a b o u t  th e  tem pora l r e la t io n s h ip  be tw een  a cu te  an d  ch ro n ic  d isease  in 
dog's in fe c ted  w ith  N orth  American T. c ru z i  iso la tes .
The a u th o r s  a re  aw are  of dogs  su c c e ss fu l ly  be ing  experim enta lly  
in fe c ted  w ith T rypanosom a c ru z i  iso la tes  from a N orth  American wild 
h o s t  on only  one  p re v io u s  o ccas ion .13 Dogs did no t develop  a cu te  o r  
ch ron ic  d isease  b u t  th e y  did  develop  p a ras i tem ias  a n d  p a ra s i t e s  w ere  
found  in t i s s u e s .13 This r e p o r t  d e s c r ib e s  th e  pathological 
f in d in g s  of a cu te  an d  ch ro n ic  d isease  in  dogs  in fe c ted  w ith  T. c ru z i  
iso la tes  from an  opossum , an  armadillo , an d  a  dog from N orth  America. 
The clinical c o u rse ,  p a ra s i tem ia s ,  c linical pa tho log ica l and  
immunological p a ra m e te r s  hav e  been  r e p o r te d  e lsew h e re  (C h a p te rs  5 and  
7).
M aterials  an d  M ethods
Experim ental d e s ig n  an d  anim als -  Details of th e  exper im en ta l  design  
a re  d e sc r ib e d  in a  p re v io u s  r e p o r t  (C h ap te r  5). B riefly , n ine teen  
p u re  b re d  beag le  dogs of 4 d i f f e r e n t  a g es  w ere  in o cu la ted  with one of
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3 T. c ru z i  iso la tes  in 3 d i f f e r e n t  experim en ts .
Experim ent I -  The aim of th i s  ex p er im en t was to  de te rm ine  if 2 T. 
c ru z i  iso la tes ,  1 from an  arm adillo  (Tc-A) an d  1 from a dog (Tc-D) 
w ere  in fe c t iv e  to  dogs. A l i t t e r  of 5 (4 females, 1 male) p u r e  b red  
beagle  dogs  (L ouisiana S ta te  U n iv e rs i ty  Beagle Colony, Baton Rouge,
La) w ere  in fe c ted  a t  4 w eeks  of age. The 4 females w ere  in fe c ted  with 
Tc-A a n d  th e  male w ith  Tc-D.
E xperim ent II -  The aim of th i s  ex p er im en t was to  com pare th e  
in fe c t iv i ty  to  dogs  of 3 T. c ru z i  iso la tes ,  in c lu d in g  Tc-A, Tc-D, an d  
one from an  opossum  (T c-0).  A l i t t e r  of 6 (3 females, 3 males) p u re  
b red  beag le  dogs (L ouisiana  S ta te  U n iv e rs i ty  Beagle Colony, Baton 
Rouge, La) w ere  in fe c ted  a t  5 w eeks of age. A dog of each  sex was 
in fec ted  w ith  1 of th e  3 iso la tes .
Experim ent III -  The aim of th is  ex p er im en t was to  a s s e s s  th e  
in f lu en ce  of age  on th e  in fe c t iv i ty  of T c -0  an d  Tc-D to  dogs. A 
l i t te r  of 6 (1 female, 5 males) p u r e  b re d  beag le  dogs  (Louisiana
S ta te  U n iv e rs i ty  Beagle Colony, Baton Rouge, La) w ere  in fe c ted  a t  13 
weeks of age. Two males w ere  in fe c ted  with T c-0 , and  2 w ith  Tc-D. The 
rem ain ing  2 dogs  s e r v e d  a s  u n in fe c te d  co n tro ls .  Six female p u r e  b re d  
specific  p a th o g en  f r e e  beag le  dogs (Hazzleton R esearch  Animals Inc., 
C um berland, Va) w ere  a g ed  47 w eeks old w hen in fec ted .  Two dogs  each 
w ere  in o cu la ted  w ith  T c -0  o r  Tc-D, a n d  2 s e r v e d  as  u n in fe c ted  
con tro ls .
A sum m ary of th e  exp er im en ta l g ro u p in g s ,  c h a r a c te r i s t i c s  of dogs 
u sed , in fe c t in g  dose an d  T. c ru z i  iso la tes  u sed , w hen n e c ro p s ie s  were 
p e rfo rm ed  a re  shown in ta b le  1. Dogs from all exper im en ts  were 
g ro u p e d  based  on th e  clin ical s ta g e  a t  w hich n e c ro p s ie s  were
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c o n d u c te d  fo r c la r i ty  of p re s e n ta t io n  of r e s u l ts .  T hese  g ro u p s  a re  
a lso  sum m arized in  ta b le  1.
All d ogs w ere  v a c c in a te d  a g a in s t  B o rd e te lla . p a ra in f lu e n z a , 
p a rv o v iru s ,  d is tem p er v i ru s ,  h e p a ti t is  v iru s ,  ra b ie s  an d
le p to sp iro s is  a cco rd in g  to  s ta n d a rd  p ro toco l. P u p p ie s  w ere  w eaned a t  
4 w eeks of age. They w ere  dew orm ed re g u la r ly  an d  had  th re e  
co n se c u tiv e ly  n e g a tiv e  feca l exam inations p r io r  to  e n te r in g  th e
s tu d y . Animals w ere  h o u sed  in d iv id u a lly  in  c ag e s  in d o o rs  in  an  AAALAC 
a c c re d ite d  fac ility  fo r  a  4 w eek acclim atization  p e rio d  an d  d u r in g  
th e  s tu d y . T hey w ere  fe d  a  com m ercial d ry  dog chow. P r io r  to
in itia tio n  of th e  s tu d y , th e  exp erim en ta l p ro to co l w as rev iew ed  an d
a p p ro v e d  by  th e  U n iv e rs ity  Committee on th e  Use of Humans an d  Animals 
a s  R esearch  S u b je c ts .
P a ra s ite s  an d  ex p erim en ta l in fec tio n s  -  T rypanosom a c ru z i iso la tes  
w ere  o b ta in ed  from an  opossum  (T c-0 ), a rm adillo  (Tc-A), an d  a dog 
(Tc-D) from  L ouisiana a s  p re v io u s ly  d e sc r ib e d  (C h ap te r 1 and  2). 
B riefly , try p o m a s tig o te s  u se d  in  in fe c tio n s  w ere  h a rv e s te d  from 
A frican  G reen M onkey K idney Cells (Vero cell c u l tu re s ) ,  w ashed  3 
tim es in  Eagle Minimum E ssen tia l Media (MEM; Gibco, G rand Is lan d , NY) 
su p p lem en ted  w ith  10% h e a t in a c tiv a te d  (56° C, 30 m inu tes) fe ta l calf 
serum  (FCS), 100 IU p en ic illin , 100 ug  s tre p to m y c in , a n d  0.25 ug  of 
am p h o te ric in -B  p e r  ml of m edia (a n tib io tic s ) . T ry p o m astig o te s  w ere 
co u n ted  in a m odified N eu b au er hem acy tom eter an d  re -s u s p e n d e d  to  a 
c o n c e n tra tio n  of 107 p e r  ml in  MEM p lu s  a n tib io tic s . Dogs w ere 
in o cu la ted  su b c u ta n e o u s ly  w ith  e i th e r  Tc-O, Tc-A o r  Tc-D betw een th e  
sh o u ld e r  b lad es  w ith 5 X 103 try p o m a s tig o te s  p e r  gm body  w eig h t up  to
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a  maximum dose of 2 X IQ7 o rg an ism s (Table 1). U n in fec ted  co n tro ls  
re c e iv e d  1.0 ml of MEM p lu s  a n tib io tic s .
N ecropsy  -  Complete n e c ro p s ie s  w ere  p e rfo rm ed  on all dogs. Dogs in 
g ro u p  1 d ied  o r  w ere  e u th a n iz e d  be tw een  d a y s  15 a n d  28 pi. Dogs th a t  
w ere  e u th a n iz e d  d u r in g  th e  ch ro n ic  s ta g e  (g ro u p  2) w ere  n ec ro p sied  
betw een  d a y s  149 to  240 d a y s  p i (Table 1). Dogs in fe c te d  w ith  Tc-D 
(g ro u p  3) w ere  n e c ro p s ie d  b e tw een  240 a n d  493 d a y s  p i, an d  co n tro l 
dogs (g ro u p  4) on day  240 pi. The c r i te r ia  u se d  to  decide  if dogs be 
e u th a n iz e d  d u r in g  a c u te  d isea se  w as th e  d evelopm en t of hyp o th erm ia , 
an o rex ia  an d  w eak p u lse . The main c r i te r ia  u sed  to  decide  if dogs be 
e u th an ize d  d u r in g  ch ro n ic  d isease  was s ig n s  of b iv e n tr ic u la r  fa ilu re  
in c lu d in g  w eak p u lse , slow c ap illa ry  re fill  tim e, m uscle w eak n ess , 
a sc ite s , hepatom egaly  an d  ju g u la r  v e in  d is te n s io n . The main re a so n  
d ogs w ere  e u th a n iz e d  on d if f e r e n t  d a y s  w as b ecau se  th e y  developed  
s e v e re  s ig n s  of a c u te  a n d  c h ro n ic  d isease  a t  d if f e re n t  tim es. Dog's 
w ere  k illed  by  in tra v e n o u s  b a rb i tu ra te  o v e rd o se .
P a r tic u la r  a tte n tio n  w as paid  to  th e  d isse c tio n  of th e  h e a r t. The 
h e a r t  w as s e p a ra te d  from  th e  lu n g s , g re a t  v e s s e ls  an d  p e r ic a rd ia l 
sac. The e p ic a rd ia l su rfa c e  w as exam ined fo r  m ottling  o r s tre a k in g  
an d  th e  v e n tr ic le s  s u b je c tiv e ly  a s s e s s e d  fo r  d ila tion . The ca rd iac  
ch am b ers  w ere  o p en ed  in  su c h  a  way th a t  th e  v e n tr ic u la r  en d o ca rd ia l 
s u r fa c e s  cou ld  be exam ined an d  th e  th ic k n e s s  of th e  v e n tr ic u la r  free  
w alls an d  sep tum  s u b je c tiv e ly  a s s e s s e d . S ec tio n s  of s ta n d a rd  a re a s  of 
th e  4 ch am b er w alls, an d  sep tum  w ere c u t  an d  fixed in 10% neuti*al 
b u ffe re d  form alin . C ross sec tio n s  of th e  c a rd iac  ch am ber walls and  
sep tum  w ere  c u t and  s ta in e d  w ith  M asson’s tr ich ro m e  s ta in  and  sco red
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fo r  f ib ro s is . A lte rn a te  c a rd ia c  s ec tio n s  w ere  s ta in e d  w ith  s ta n d a rd  
hem atoxylin  an d  eo sin  (H & E) s ta in s  fo r  h is to log ica l exam ination and  
sco red  fo r  th e  e x te n t of m yocard ial inflam m ation. S ec tio n s  of all 
o th e r  s ta n d a rd  t is s u e s  w ere  exam ined. The co n d itio n  of th e  anim al 
from  w hich  s lid e s  w ere ta k e n  w as unknow n  to  th e  exam iner.
Inflam m ation w as sc o re d  from  0 to  4 w ith  a  sco re  of 0 in d ica ted  
norm al tis su e ; a  sco re  of 1 in d ic a te d  1 o r  le ss  foci o f inflam m atory  
cells p e r  fie ld  (400 X); a  sco re  of 2 in d ic a ted  > 1 foci p e r  fie ld , 
foci becom ing la rg e r  a n d  m ore d issem in a ted  as  th e y  co n ta in  more 
inflam m atory  cells; a  sco re  of 3 in d ic a te d  d iffu se  co a lesc in g  foci o r 
d issem in a ted  inflam m ation o v e r  m ost of th e  sec tio n , minimal cell 
n e c ro s is  o r  edem a, w ith  re te n tio n  of norm al t is s u e  in te g r i ty ;  a sco re  
of 4 in d ic a ted  d iffu se  inflam m ation w ith  s e v e re  t is s u e  n e c ro s is , 
in te r s t i t ia l  edem a, an d  h e m o rrh ag e , r e s u lt in g  in  lo ss  of t is su e  
in te g r i ty .  The p re se n c e  of a n d  n u m b er of p s e u d o c y s ts  p e r  h ig h  pow ered  
fie ld  w’e re  no ted .
F ib ro s is  in  each  of th e  5 tr ich ro m e  s ta in e d  c a rd iac  sec tio n s  w ere 
sco red  from  0 to  4 b a se d  on co n n ec tiv e  t is s u e  c o n te n t. A sco re  of 0 
in d ica ted  a  o v e ra ll m auve co lo ra tio n  of norm al tis su e . A sco re  of 4 
in d ic a ted  a  d iffu se  b lue  co lo ra tio n  s ig n ify in g  an  o v e ra ll in c re a se  in 
co n n ec tiv e  t is s u e  c o n te n t w ith in  th e  in te rs tit iu m  th ro u g h o u t th e  
e n tire  t is su e . Dense s ta in in g  foci of f ib ro s is  w ere  o f te n  p re s e n t  
th ro u g h o u t s e v e re ly  f ib ro tic  sec tio n s .
S ta tis t ic s  -  Inflam m ation an d  f ib ro s is  sco re s  w ere  tra n s fo rm e d  to  th e  
log'io a f te r  1 w as ad d ed  to  each  sco re  to  rem ove 0 v a lu es . Com parison 
of m eans of each  g ro u p  w as an a ly zed  w ith  th e  T uckey  m ultiple ran g e
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t e s t  to  de te rm in e  s ig n ific an ce  d if fe re n c e s  a t  95% co n fid en ce  lev e ls  
(P < 0.05).
R esults
G ross -  G ross f in d in g s  a t  n e c ro p sy  w ere  sim ilar in  d o g s  in  w hich  th e  
c lin ical outcom e was th e  same a n d  a re  sum m arized  in  ta b le  2. Most 
g ro s s  c h a n g e s  w ere co n fin ed  to  th e  h e a r t .  The h e a r t  o f d o g s in  g ro u p  
1 had  d iffu se ly  pale e p ic a rd ia l s u r fa c e s , w ith  m o dera te  e n la rg em en t 
of th e  r ig h t  v e n tr ic le  (F ig. 1). T h e re  w as on a v e ra g e  25 ml of a 
se ro sa n g u in o u s  flu id  in  th e  p e r ito n e a l c a v ity  a n d  mild m ottling  and  
en la rg em en t of th e  liv e r  in  6 of 7 dogs. The sp le e n s  an d  lym ph nodes 
w ere  e n la rg e d  in all dogs.
Dogs in  g ro u p  2 had  b ila te ra l v e n tr ic u la r  e n la rg em e n t a n d  th in n in g  
of th e  r ig h t  an d  le f t  v e n tr ic u la r  f re e  w alls (Table 2). The r ig h t  
v e n tr ic le  w as more s e v e re ly  a ffe c te d  th a n  th e  le ft. F ou r of 5 d ogs 
had  pale focal s tre a k in g  m ainly c e n te re d  on  th e  c o ro n a ry  g roove and  
ra d ia tin g  o v e r  th e  le ft v e n tr ic le  (Fig. 2). Dog No. I I / l  had  a 
m odera te  am ount of s e ro sa n g u in o u s  abdom inal flu id  an d  a m odera tely  
e n la rg e d  m ottled  liv e r.
Of th e  7 Tc-D in fe c te d  d ogs (G roup 3), 3 had  mild b ila te ra l 
v e n tr ic u la r  d ila tion  (Table 2). All d ogs had  pa le  m ottling  and  
s tre a k in g  of th e  e p ic a rd ia l su r fa c e  m ainly c e n te re d  a ro u n d  th e  
c o ro n a ry  groove. Only one dog had  mild r ig h t  v e n tr ic u la r  f re e  wall 
th in n in g .
H isto logy -  Sim ilar h is to p a th o lo g ica l c h a n g e s  w ere  seen  in  th e  h e a r ts  
of all dogs in  g ro u p  1. T h e re  w as e x ten s iv e  m ultifocal to  coalescing
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n e c ro s is  an d  h y d ro p ic  d e g e n e ra tio n  of m yocard ial f ib e r s ,  in te r s t i t ia l  
edem a a n d  m ononuclear cell in f i l tra tio n  (Fig. 3). L ym phocy tes an d  
h is tio c y te s  w ere  th e  main cell in f i l t r a te s  a lth o u g h  n e u tro p h ils  w ere 
a lso  p re s e n t .  Many T. c ru z i p s e u d o c y s ts  w ere  p r e s e n t  w ith in  m y ofibers  
(Fig. 4).
Most c a rd iac  t i s s u e s  from  d ogs in  g ro u p  1 w ere  g iv en  h ig h  
inflam m atory  b u t  low f ib ro s is  lesion  sc o re s  w hich a re  sum m arized  on 
ta b le s  3 a n d  4. The r ig h t  ch am b ers  w ere  th e  m ost s e v e re ly  a ffe c te d  in  
b o th  T c -0  an d  Tc-A in fe c te d  dogs. T h e re  w as no s ig n if ic a n t d iffe ren c e  
(P < 0.05) in  th e  s e v e r i ty  of in flam m atory  c h a n g e s  be tw een  ca rd iac
t is s u e s  from  T c -0  in fe c te d  d ogs an d  Tc-A in fe c te d  do g s, a lth o u g h  
th o se  from  T c -0  g e n e ra lly  w ere  sco red  h ig h e r  th a n  th o se  from  Tc-A. 
T h ere  w as minimal f ib ro s is  in  t i s s u e s  from  e i th e r  T c -0  o r Tc-A 
in fe c te d  d o g s a lth o u g h  th e  r ig h t  v e n tr ic le  of one T c -0  in fe c te d  dog 
(Dog No. K) w as sco red  h ig h e r  th a n  o th e r  t is s u e s  (Table 4).
O th er h is to lo g ica l f in d in g s  in  g ro u p  1 a re  sum m arized  in  tab le  5. 
Dogs had  a mild to  m odera te  m ultifocal e n c e p h a litis  w ith  small foci 
of n e c ro s is  a n d  a s tro c y te  p ro life ra tio n  in th e  c e reb ru m , cerebellum  
an d  b ra in  stem  (Fig. 4). G ray an d  w hite  m a tte r  w ere  a ffe c te d  equ ally . 
P se u d o c y s ts  w ere  p re s e n t  in  th e  b ra in s  of all d o g s b u t  on ly  seen  to  
be a sso c ia te d  w ith  in flam m atory  c h a n g e s  in  2 d o g s (Fig. 4). Small 
in flam m atory  foci com posed m ainly of ly m p h o cy tes  a n d  h is tio c y te s  w ere  
fo u n d  in  th e  sk e le ta l m uscles in  v a r io u s  s ite s  in  m ost dogs an d  also  
in th e  sm ooth m uscle la y e rs  of abdom inal v is c e ra  ex cep t th e  stom ach 
an d  colon walls.
Dogs in  g ro u p  2 show ed sim ilar h is to lo g ica l c h a n g e s  in  th e  h e a r ts . 
T h ere  w ere  m ultifocal in te r s t i t ia l  in f i l t r a te s  of lym p h o cy tes ,
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h is tio c y te s  an d  plasm a ce lls  th ro u g h o u t  all a re a s  of th e  m yocardium  
(Fig. 5). P e r iv a sc u li tis  w ith  m ainly h is tio c y tic  in f i l t r a te s  was 
p re s e n t  in  c a rd iac  sec tio n s  from  all c h ro n ica lly  a ffe c te d  dogs. T here  
w as no edem a o r  m yocard ia l f ib e r  d e g e n e ra tio n  a s  seen  in  dogs 
n e c ro p s ie d  d u r in g  a c u te  d isea se .
In flam m atory  lesion  s c o re s  a re  p re s e n te d  in  ta b le  3. In  dogs in  
g ro u p  1, th e  s e v e r i ty  of inflam m ation w as sim ilar in  all a re a s  of th e  
h e a r t  a lth o u g h  th e  r ig h t  v e n tr ic le  w as s lig h tly  m ore a ffe c ted . T here  
w as no d iffe re n c e  be tw een  th e  mean sc o re s  from  all c a rd iac  t is s u e s  
from  T c -0  in fe c te d  dogs a n d  th e  Tc-A in fe c te d  dog. In  dogs in  g ro u p  2 
(ch ro n ica lly  in fe c ted ) th e  s e v e r i ty  o f inflam m ation w as h ig h e r  in th e  
r ig h t  v e n tr ic le . T h e re  w as s ig n if ic a n tly  le s s  (P < 0.05) inflam m ation 
in  c a rd iac  t is s u e s  from  all c h ro n ic a lly  in fe c te d  dogs (g ro u p  2) th a n  
th o se  from  a c u te ly  in fe c te d  dogs (g ro u p  1). Also, th e re  was 
s ig n if ic a n tly  le ss  (P < 0.05) inflam m ation in  c a rd iac  t is s u e s  from
Tc-D in fe c te d  dogs (g ro u p  3) th a n  e i th e r  of th e  o th e r  2 g ro u p s .
F ib ro s is  lesion  sco re s  fo r  c a rd ia c  t i s s u e s  a re  p re s e n te d  in tab le
4. T h ere  w as m arked  f ib ro s is , e sp ec ia lly  in  th e  le ft v e n tr ic le , in  
all a re a s  of th e  h e a r t  from  c h ro n ic a lly  in fe c te d  dogs (g ro u p  2). 
T h e re  w as no d iffe ren c e  in  mean sc o re s  from  all a re a s  of th e  h e a r t  
b e tw een  T c -0  in fe c te d  d o g s an d  th e  Tc-A in fe c te d  dog in  th e  ch ro n ic  
g ro u p  (Table 4). The mean sco re  of t is s u e s  from  all a re a s  of th e  
h e a r t  from  all c h ro n ica lly  a ffe c te d  T c -0  an d  Tc-A in fe c ted  dogs was 
s ig n if ic a n tly  h ig h e r  (P < 0.05) th a n  th a t  sco re  from  a cu te ly  a ffe c ted  
dogs (g ro u p  1) an d  Tc-D in fe c te d  d ogs (g ro u p  3).
Mild m ultifocal e n c e p h a litis  w ith  h is tio c y tic  in f i l t ra te s  w ere 
seen  in  some a re a s  of th e  b ra in  in  some ch ro n ica lly  in fe c ted  dog's,
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g ro u p  2 (Table 5). Mild m ultifocal m yositis  w as seen  th ro u g h o u t 
sk e le ta l m uscles of m ost d o g s a n d  sm ooth m uscles of th e  stom ach walls 
in  all dogs. P se u d o c y s ts  w ere  n o t seen  in  a n y  t is s u e s  from 
c h ro n ica lly  in fe c te d  dogs.
Inflam m ation an d  f ib ro s is  w ere  p r e s e n t  in  m yocard ia l t is s u e s  from 
d ogs in  g ro u p  3, b u t  a t  s ig n if ic a n tly  low er (P < 0.05) lev e ls  th a n  in 
dogs from  g ro u p s  1 an d  2 (T ab les 3 a n d  4). E n cep h a litis  in  th e  b ra in  
stem  of d o g s in  g ro u p  3 c o n s is te d  m ainly o f small a g g re g a te s  of 
ly m p h o cy tes  a n d  w ere sm aller th a n  e n c e p h a litis  le s io n s  in  g ro u p  1 o r 
2 dogs (Table 5). M yositis w as a lso  le s s  s e v e re , b u t a s  p re v a le n t  in 
th e  d iap h rag m , e so p h a g u s  an d  to n g u e  in  dogs in  G roup 1 an d  2. No 
p s e u d o c y s ts  w ere  fo u n d  in  t is s u e s  from  Tc-D in fe c te d  dogs.
D iscussion
R esu lts  of th e  p re s e n t  s tu d y  show  th a t  d ogs in fe c te d  w ith  T. c ru z i 
iso la te s  from  an  opossum  a n d  arm adillo  from  L ou isiana  develop  lesions 
ty p ic a l of th o se  d e sc r ib e d  in  n a tu ra l  c a se s  of a cu te  can ine  
try p an o so m ias is  in  N orth  A m erica.5>6>8>9 A th ir d  iso la te  from  a dog 
p ro d u c e d  m inor c h an g e s  a n d  no c lin ical d isea se  in  dogs. Dogs th a t  
s u rv iv e d  th e  a cu te  s ta g e  p ro g re s s iv e ly  developed  c h ro n ic  p a th o log ica l 
c h an g e s  o v e r  s e v e ra l m onths s im ilar to  th o se  d e sc r ib e d  in  n a tu ra l  
c ase s  of ch ro n ic  can in e  try p a n o so m ia s is  in  N orth  A m erica.11 
F u r th e rm o re , th e  tem p o ra l re la tio n sh ip  be tw een  a cu te  an d  ch ro n ic  
d isease  in  T c -0  an d  Tc-A in fe c te d  d o g s re sem b les  th e  th r e e  p h a se s  of 
C h ag as’ d isea se  in  man. In  man, th e  f i r s t  s ta g e  (acu te  p h ase ) is 
u su a lly  asym ptom atic , a lth o u g h  in fec tio n  can  m an ife st w ith s ig n s  of 
a cu te  illn e ss  a f te r  an  in c u b a tio n  p e rio d  of 1 to  3 w eek s .14 A cute
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illn e ss  u su a lly  o c c u rs  in y o u n g  in fa n ts  u n d e r  2 y e a r s  of age  an d  may 
be a s so c ia te d  w ith  h ig h  p a ra s ite m ia s , m y o card itis  o r  en ce p h a litis . In  
th e  seco n d , o r  in d e te rm in a te  p h a se , p a tie n ts  h av e  low p a rasitem ias  
an d  u su a lly  rem ain  asym ptom atic  fo r  d ecad es . Some p a tie n ts  in  th e  
in d e te rm in a te  p h a se  p ro g r e s s  to  develop  ch ro n ic  d isea se . This s ta g e  
is  re co g n ized  b y  e le c tro c a rd io g ra p h ic  (ECG) ab n o rm a litie s , c lin ical 
s ig n s  a n d  le s io n s  a s so c ia te d  w ith  ch ro n ic  ca rd io m y o p a th y .15*16
G ross f in d in g s  in  dogs n e c ro p s ie d  d u r in g  a c u te  d isea se  including ' 
d iffu se ly  pa le  m yocardium , r ig h t  v e n tr ic u la r  en la rg em en t, 
hepatom egaly  a n d  a  m odified t r a n s u d a te  in th e  abdom inal c a v ity  a re  
c o n s is te n t  w ith  p re v io u s  r e p o r ts  in  n a tu ra lly  in fe c te d  d o g s .5 The 
se v e re  d iffu se  g ran u lo m ato u s  m y o card itis  a sso c ia te d  w ith  la rg e  
n u m b ers  of p s e u d o c y s ts  a n d  lit t le  f ib ro s is  in  a c u te ly  in fe c ted  dogs 
is ty p ic a l of m icroscopic le s io n s  in  man, n a tu ra lly  in fe c te d  dogs 
from  N orth  A m erica, an d  exp erim en ta lly  in fe c te d  d o g s u s in g  South
A m erican T. c ru z i iso la te  s. 5>6>8*9>17-19 The g ro s s  an d  h isto lo g ica l 
le sio n s  w ere  c o n s is te n t w ith  th e  c lin ical s ig n s  o b s e rv e d  in  dogs 
d u r in g  a c u te  d isea se  w hich  re f le c te d  r ig h t  v e n tr ic u la r  fa ilu re  
(C h ap te r 5). A lthough  th e  x 'ight s ide  of th e  h e a r t  a p p e a re d  to  be th e
m ost s e v e re ly  a ffe c te d , th e re  w as c o n sid e ra b le  dam age to  th e  le ft 
v e n tr ic le . H ow ever, e ch o c a rd io g ra p h ic  f in d in g s  s u g g e s te d  th a t  th e  
le f t  v e n tr ic u la r  fu n c tio n  in  a c u te ly  a ffe c ted  dogs rem ained  w ith in  
norm al lim its (C h ap te r 6). A lthough  no c lin ical m an ife s ta tio n s  of 
c e n tra l  n e rv o u s  sy stem  d isea se  w ere o b se rv e d  in  a cu te ly  a ffec ted  
dogs, all dogs had m ultifocal en ce p h a litis  an d  p s e u d o c y s ts  in all 
a re a s  of th e  b ra in  exam ined. N a tu ra l c a se s  of can in e  try p an o so m iasis
from N orth  America have  b een  re p o r te d  to  have  clin ical s ig n s
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in d ic a tiv e  of c e n tra l  n e rv o u s  sy stem  in v o lv em en t.5 A mild to  m arked 
m ultifocal g liosis  in v o lv in g  th e  c e re b ra l  co rtex , cerebe llum  and  
sp in a l co rd  was fo u n d  in th e s e  d o g s .5 E n cep h a litis  can  o c cu r in  young 
c h ild re n  in fe c te d  w ith  T. c ru z i a n d  may be a  c au se  of d e a th .14
The g ro s s  an d  h is to lo g ic  le sio n s  d e sc r ib e d  in  d ogs n ec ro p sied  
d u rin g  c h ro n ic  d isease  a re  re m a rk a b ly  sim ilar to  th o se  in  ch ro n ic  
C h ag as’ d isea se  in  man. The c h a ra c te r is t ic  c a rd iac  le sio n s  in  ch ro n ic  
hum an C h ag as’ d isease  in c lu d e  e n la rg em e n t of a ll ch am b ers , ap ica l 
a n eu ry sm s , focal ce llu la r in f i l tra tio n s  com posed m ainly of lym phoid 
cells an d  m acro p h ag es , f ib ro s is  n o t on ly  in  focally  d en se  a re a s  b u t 
also in  de lica te  an d  d iffu se  in te r s t i t ia l  a re a s , an d  a  lack  of 
p a ra s i te s  w ith in  t i s s u e s .15*19 Apical a n eu ry sm s  w ere  no t seen  in dogs 
in th is  s tu d y . F u r th e rm o re , n e ith e r  have  th e y  been  re p o r te d  in dogs 
ch ro n ica lly  in fe c te d  w ith  S o u th  A m erican T. c ru z i iso la te s  n o r in 
dogs w ith  n a tu ra l  ch ro n ic  C h ag as’ d isease  in  N orth  A m erica.11*20
The e x ten s iv e  p e r iv a sc u lit is  seen  in  ca rd iac  t is s u e s  of dogs w ith 
c h ro n ic  d isease  in th is  r e p o r t  h a s  a lso  b een  d e sc r ib e d  in  n a tu ra l 
c ase s  of ch ro n ic  can in e  C h ag as’ d isea se  in  N orth  A m erica.11 However, 
th is  is  n o t a  ty p ic a l f in d in g  in  c a se s  of ch ro n ic  C h ag as’ d isease  in  
man n o r h a s  i t  been  re p o r te d  in  dogs in fe c te d  w ith  S o u th  Am erican T. 
c ru z i iso la te s .17*20*21 This may r e p r e s e n t  a  d iffe ren c e  betw een  
iso la tes  from  S ou th  Am erica an d  th e  N orth  Am erican iso la te s  u sed  in 
th is  s tu d y .
M ultifocal en ce p h a litis  a n d  m yositis  have  been  re p o r te d  in n a tu ra l 
c ases  of ch ro n ic  can ine  try p a n o so m ia s is  from  N orth  A m erica.11 The 
f in d in g  of m ultifocal inflam m atory  cell in f i l t ra te s  in  th e  
m u scu la tu re  of th e  stom ach wall of ch ro n ica lly  b u t n o t a cu te ly
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in fe c te d  dogs s u g g e s ts  th e se  le s io n s  may ta k e  c o n s id e ra b le  time to  
develop . S im ilar in f i l t r a te s  h av e  been  fo u n d  in  c h ro n ic  c a se s  of 
can in e  try p a n o so m ia s is  from  N orth  A m erica.11 None of th e  dogs in  th is  
s tu d y  had  e so p h ag ea l o r  v is c e ra l  d ila tio n  a s  seen  in  some ch ro n ic  
hum an c a s e s .14 H ow ever, th e  e so p h ag ea l m u scu la tu re  d id  co n ta in  
m ultifocal cell in f i l t ra te s .
C linical s ig n s  of a cu te  o r  c h ro n ic  d isea se  w ere  n o t o b se rv e d  in  
Tc-D in fe c te d  dogs in  sp ite  o f th e  e x ten d ed  le n g th  o f tim e th e s e  dogs 
w ere  s tu d ie d  (C h ap te r 5). T h is is  c o n s is te n t  w ith  th e  m inor 
p a th o lo g ica l f in d in g s  d e sc r ib e d  in  Tc-D in fe c te d  dogs in  th is  re p o r t .  
The m ost s ig n if ic a n t f in d in g s  in  some Tc-D in fe c te d  dogs w as mild 
b ila te ra l v e n tr ic u la r  d ila tion . T his le sio n  w as n o t s e v e re  en o u g h  to 
cau se  c lin ical s ig n s  (C h ap te r 5) o r  e c h o c a rd io g ra p h ic  an d  
e le c tro c a rd io g ra p h ic  c h a n g e s  c o n s is te n t w ith  c a rd iac  fu n c tio n  loss 
(C h ap te r 6). H ow ever, if th e  ex p erim en ta l p e rio d  fo r  Tc-D in fe c ted  
dogs had  been  p ro lo n g ed  e v en  f u r th e r ,  c lin ica l d isea se  may have 
e v e n tu a lly  developed . C e rta in ly  in  hum an p a tie n ts ,  developm en t of 
ch ro n ic  d isea se  u su a lly  o c c u rs  d ecad es  a f te r  in fe c tio n .16
L esions fo u n d  in  Tc-D in fe c te d  dogs w ere sim ilar to  th o se  re p o r te d  
from  dogs in fe c te d  writh  a  T. c ru z i iso la te  from  a raccoon  tra p p e d  in 
M ary land .13 Dogs d eveloped  low p a ra s ite m ia s , show ed no c lin ical s ig n s  
of in fec tio n  a n d  did n o t die from  in fec tio n . P atho log ica l f in d in g s  
w ere  minimal a lth o u g h  p a ra s i te s  w ere fo u n d  in  c a rd iac  t is su e s . 
A lthough  d iffe re n c e s  in th e  m ethods u se d  b e tw een  th e  2 s tu d ie s  make 
d ire c t  co m parisons d iff icu lt, th e  g e n e ra l f in d in g s  a re  sim ilar. This 
r e s u l t  s u g g e s ts  th a t  Tc-D h as  sim ilar in fe c tiv ity  to  dogs as  a 
p re v io u s  iso la te  from a N orth  Am erican raccoon . The patho log ical
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f in d in g s  in  Tc-D in fe c ted  dogs w ere  sim ilar to  th o se  d e sc r ib e d  in  th e  
dog from  w hich th e  Tc-D iso la te  w as iso la ted . F u r th e rm o re , Tc-D is 
m ark ed ly  d if f e r e n t  in  i ts  in fe c tiv ity  to  dogs th a n  T c -0  a n d  Tc-A, 
w hich a re  sim ilar in  th e i r  in fe c tiv ity  to  dogs. T hese  r e s u l t s  re f le c t  
p re v io u s  f in d in g s  th a t  a lso  show  sim ilar d if fe re n c e s  a n d  s im ila ritie s  
be tw een  th e  3 T. c ru z i iso la te s  (C h a p te rs  3, 4, 5 a n d  6).
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TABLE 1 -  D etails of th e  c lin ical re s p o n se  g ro u p in g s , ag e , sex , and
w eig h t w hen in fe c te d , th e  in fec tio n  dose, n e c ro p sy  d a te  an d  outcom e 
of in fe c tio n  in  p u re  b re d  beag le  dogs w hich  w ere  in fe c ted  
su b c u ta n e o u s ly  w ith  c u ltu re  form  T. c ru z i try p o m a s tig o te s  iso la ted  
from  an  opossum  (T c-0 ), an  arm adillo  (Tc-A), o r  a  dog (Tc-D).
Clinical

















1 I 1/1 4 F 0.8 Tc-A 4.0 17*
I 1/2 4 F 1.0 Tc-A 5.0 16*
I 1/3 4 F 1.0 Tc-A 5.0 15*
I 1/5 4 F 0.9 Tc-A 4.5 16*
II I I /2 5 F 1.7 T c-0 8.5 21*
II I I /3 5 M 1.6 Tc-A 8.0 20*
III K 47 F 6.7 T c-0 20.0 28*
2 II I I / l 5 M 1.6 T c-0 8.0 289*
II II /4 5 F 1.7 Tc-A 8.5 149*
III 31 13 M 2.8 T c-0 14.0 240
III 34 13 M 3.2 T c-0 16.0 240
III Z 47 F 7.0 T c-0 20.0 240
3 I 1/4 4 M 0.9 Tc-D 4.5 493
II I I /5 5 M 1.7 Tc-D 8.5 459
II I I /6 5 F 1.5 Tc-D 7.5 459
III 32 13 M 3.5 Tc-D 16.5 240
III 35 13 M 4.0 Tc-D 20.0 240
III U 47 F 8.0 Tc-D 20.0 240
III A 47 F 6.5 Tc-D 20.0 240
4 III 33 13 M 3.5 — — 240
III 36 13 F 3.2 - - 240
III C 47 F 6.3 - - 240
III F 47 F 6.0 — — 240
* Died o r  e u th a n iz e d  b ecau se  of s e v e re  d isease  s ta tu s
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TABLE 2 -  O ccu rren ce  o f g ro s s  le sio n s  o b s e rv e d  a t  n e c ro p sy  in th e
h e a r ts  a n d  abdom inal c a v ity  o f T c -0  a n d  Tc-A in fe c te d  dogs n ecro p sied  
d u r in g  a cu te  d isea se  (G roup 1), T c -0  an d  Tc-A in fe c te d  dogs 
n e c ro p s ie d  d u r in g  ch ro n ic  d isea se  (G roup 2), Tc-D in fe c te d  dogs 
(G roup 3), an d  u n in fe c te d  c o n tro l d o g s (G roup 4).
L esions G roup 1
C ardiac
RV e n la rg em e n t 4 /7
LV e n la rg em e n t 0 /7
V f r e e  wall 0 /7
th in n in g  
MC-focal m ottling  0 /7
s tre a k in g  
M C -d iffu se /p a le  7 /7
Abdomen
P e rito n ea l flu id  6 /7
L iv e r-m o ttle d / 6 /7
e n la rg e d
G roup 2 G roup 3 G roup 4
5 /5  3 /7  0 /4
5 /5  3 /7  0 /4
5 /5  1/7 0 /4
4 /5  7 /7  0 /4
0 /5  0 /5  0 /4
1/5 0 /7  0 /4
1/5 0 /7  0 /4
* N um bers of dogs w ith  le s io n s /n u m b e r  of dogs exam ined. 
RV R ight v e n tr ic le  
LV L eft v e n tr ic le  
V V en tric le  
MC M yocardium
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TABLE 3 -  Lesion s c o re s  of inflam m ation of t i s s u e s  from  th e  le f t
v e n tr ic le  (LV), r ig h t  v e n tr ic le  (RV), le f t  a triu m  (LA), r ig h t  a triu m  
(RA), an d  sep tu m  (S) from  th e  h e a r ts  of d ogs in fe c te d  w ith  T c -0  o r 
Tc-A n e c ro p s ie d  d u r in g  a c u te  d isea se  (G roup 1), d ogs in fe c te d  w ith 
T c -0  o r  Tc-A n e c ro p s ie d  d u r in g  ch ro n ic  d isea se  (G roup 2), an d  Tc-D 
in fe c ted  d ogs a t  n e c ro p sy  (G roup 3).
G roup 1 G roup 2 G roup
H eart











LV 4.0 3.6 3.710.5 2.8 2.0 2.610.5 0.711.1
RV 4.0 4.0 4.0*0 3.0 4.0 3.210.4 0.610.8
LA 4.0 3.2 3.4*0.5 2.5 3.0 2.6*0.5 0.4*0.5
RA 4.0 4.0 4.0*0 2.3 2.0 2.2*0.4 0.410.5
S 3.5 3.4 3.4*0.5 2.5 2.0 2.4±0.5 0.3*0.5
Total 3.91.2* 3.61.5* 3.7±.5#a 2.61.5* 2.61.9* 2.6±.6#b 0.5*0.7#c
n Num ber of anim als in fe c te d  w ith  each  iso la te
* Mean sco re  p e r  anim al
** Mean sco re  l  SD fo r  each  t is s u e  p e r  g ro u p
+ Mean sco re  t  SD fo r each  anim al in fe c te d  w ith  each  iso la te
# Mean sco re  * SD of all c a rd ia c  t is s u e s  p e r  g ro u p . Means w ith  same
le t te r  a re  n o t s ig n if ic a n tly  d if fe re n t  (P < 0.05)
TABLE 4 -  Lesion sc o re s  of f ib ro s is  of t i s s u e s  from  th e  le ft
v e n tr ic le  (LV), r ig h t  v e n tr ic le  (RV), le f t  a triu m  (LA), r ig h t  a triu m  
(RA), an d  sep tu m  (S) from  th e  h e a r ts  of d o g s in fe c te d  w ith  T c-0  o r  
Tc-A n e c ro p s ie d  d u r in g  a c u te  d isea se  (G roup 1), d o g s in fe c ted  w ith  
T c -0  o r  Tc-A n e c ro p s ie d  d u r in g  ch ro n ic  d isea se  (G roup 2), and  Tc-D 
in fe c te d  d o g s a t  n e c ro p sy  (G roup 3).
G roup 1 G roup 2 G roup
H eart









* Total** Tc-D** 
(n=7)
LV 0.5 0.4 0.4±0.5 3.5 3.0 3.410.5 0.4*0.8
RV 1.5 0.6 0.910.7 3.0 3.0 3.010.7 0.310.5
LA 0.5 0.2 0.310.5 2.3 3.0 2.411.1 0
RA 0 0.6 0.410.5 2.5 4.0 2.811.3 0.410.5
S 1.0 0.2 0.310.5 3.0 1.0 2.611.1 0
Total .61.7+ .4 i.5+ .5 i.6++b 2.9H+ 2.8H .1+ 2.811 ++a .3 i.5++b
n Num ber of anim als in fe c te d  w ith  each  iso la te
* Mean sco re  p e r  animal
** Mean sco re  1 SD fo r each  t is s u e  p e r  g ro u p
* Mean sco re  t  SD fo r each  anim al in fe c ted  w ith  each  iso la te
++ Mean sco re  1 SD of all c a rd iac  t i s s u e s  p e r  g ro u p . M eans w ith  same 
le t te r  a re  no t s ig n if ic a n tly  d if fe re n t  (P < 0.05)
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TABLE 5 -  O ccu rren ce  of h is to lo g ica l le s io n s  in  n e rv o u s , sk e le ta l
m uscles, a n d  sm ooth m uscles of T c -0  an d  Tc-A in fe c te d  d ogs n ec ro p sied  
d u r in g  a c u te  d isea se  (G roup 1), T c -0  a n d  Tc-A in fe c ted  dogs 
n e c ro p s ie d  d u r in g  ch ro n ic  d isea se  (G roup 2), Tc-D in fe c ted  dogs 
(G roup 3), a n d  u n in fe c te d  c o n tro l d ogs (G roup 4).
L esions
M ultifocal 
E n cep h a litis
C e reb ra l c o rte x
C erebellum
B rain  stem
P se u d o c y s ts
M ultifocal 
M yositis
S k e le ta l m uscle 
T high
In te rc o s ta l
D iaphragm
E so p h ag u s
Tongue
Smooth m uscle 
Stom ach
Sm. In te s t in e
Colon
B ladder
P se u d o c y s ts  7 /7
3/5  0 /7  0/4
1/5 0 /7  0/4
4 /5  2 /7  0/4
0 /5  0 /7  0/4
5 /5  2 /7  0/4
5/5  3 /7  0/4
3/5  5 /7  0 /4
4 /5  6 /7  0 /4
4 /5  5 /7  0/4
5 /5  0 /7  0 /4
0 /5  0 /7  0 /4
0 /5  1/7 0 /4
1/5 2 /7  0 /4
0 /5  0 /5  0/4














* N um bers of dogs w ith  le s io n s /n u m b e r  of dogs exam ined.
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F ig u re  L egends
F ig u re  1. -  P h o to g ra p h  of th e  h e a r t  of dog No. 1/2 n e c ro p s ie d  on day
16 p o s t in fec tio n  d u r in g  a c u te  in fe c tio n  w ith  th e  Tc-A T. c ru z i 
iso la te . Note th e  d iffu se ly  pa le  e p ic a rd ia l su r fa c e  an d  m odera te  
d ila tion  of th e  r ig h t  v e n tr ic le .
F ig u re  2. -  P h o to g rap h  of th e  h e a r t  from  dog No. I I /4  n e c ro p s ie d  on 
day  149 p o s t in fec tio n  d u r in g  c h ro n ic  in fec tio n  w ith  th e  Tc-A T. 
c ru z i iso la te . Note th e  b iv e n tr ic u la r  d ila tion  of b o th  v e n tr ic le s  and  
th e  pale s tre a k in g  c e n te re d  on th e  c o ro n a ry  g roove  an d  ra d ia tin g  o u t 
o v e r  th e  e p ic a rd ia l s u r fa c e  of th e  r ig h t  v e n tr ic le .
F ig u re  3. -  P h o to m icro g rap h  of th e  r ig h t  v e n tr ic le  from  dog No. I I /2  
n e c ro p s ie d  on day  21 p o s t in fec tio n  d u r in g  a c u te  in fec tio n  w ith th e  
T c -0  T. c ru z i iso la te . Note th e  co a lesc in g  n e c ro s is  an d  h y d ro p ic  
d e g e n e ra tio n  of m yocard ial f ib e r s ,  in te r s t i t ia l  edem a, m ononuclear 
cell in f i l t ra te s  an d  p a ra s it ic  p s e u d o c y s ts  (a rro w s a n d  in s e r t;  X 
400). H & E s ta in ; X 200.
F ig u re  4. -  P h o to m icro g rap h  of th e  c e re b ra l  c o rte x  of dog No. 1/3
n e c ro p sie d  on day  15 p o s t in fec tio n  d u r in g  a cu te  in fec tio n  w ith  th e  
Tc-A T. c ru z i iso la te . Note th e  m ononuclear focal inflam m ation and  
p se u d o c y s ts  (a rrow ) w hich  w ere  n o t a lw ays a sso c ia ted  w ith 
inflam m ation ( in s e r t;  X 400). H & E s ta in ; X 200.
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F ig u re  5. -  P h o to m icro g rap h  of th e  le f t  v e n tr ic le  from  dog No. 31
n e c ro p s ie d  on day  240 p o s t in fec tio n  d u r in g  c h ro n ic  in fec tio n  w ith 
th e  T c -0  T. c ru z i iso la te . Note m ultifocal in te r s t i t ia l  m ononuclear 







The f i r s t  two c h a p te rs  of th is  d is se r ta tio n  desc rib e  th e  
p rev a len ce  of T. c ru z i in fec tion  in  opossum , arm adillo and domestic 
dog po p u la tio n  from so u th  Louisiana, and  th e  iso lation  of organism s 
fo r s u b s e q u e n t s tu d y . S ixteen of 48 an d  1 of 98 blood sam ples from 
opossum s an d  arm adillos re sp e c tiv e ly  w ere p o sitiv e  for T. c ru z i by 
blood c u ltu re . H istological a sse ssm e n t of h e a r t  tis su e s  revealed  
m yocard itis  in  22 of 45 opossum s. T. c ru z i p seu d o c y s ts  w ere seen  in  
ca rd iac  t is s u e s  from 5 anim als. T hese re s u l ts  su g g e s t th a t  th e  
opossum  is a  m ajor re s e rv o ir  of T. c ru z i in  so u th  Louisiana, and  th a t  
arm adillos can be in fe c ted  w ith  T. c ru z i b u t may no t be a m ajor 
r e s e rv o ir . T. c ru z i iso la tes  from  an  arm adillo and  opossum  w ere u sed  
in fu tu r e  s tu d ie s .
Blood c u ltu re  an d  sero logy  w as u sed  to  examine th e  p rev a len ce  of 
T. c ru z i in fec tio n  in 85 ru r a l  dogs known to  have  been in co n tac t 
w ith wild h o s ts  of T. c ru z i an d  103 ru r a l  dogs w ith  little  known wild 
h o s t c o n tac t from  so u th  Louisiana. Sero logy only  w as u sed  to a sse ss  
p rev a len ce  in  176 dogs from an  u rb a n  animal s h e lte r  and 100 u rb a n  
house hold p e t dogs also from  so u th  Louisiana. Serological ev idence  
of in fec tio n  w as o b ta in ed  in 4 o f th e  85 ru ra l  dogs w ith known h o s t 
co n tac t, an d  4 of 176 dogs from th e  animal sh e lte r . H em o-cultures 
w ere n eg a tiv e  in  all ru r a l  dogs. These re s u l ts  ind ica te  th a t  
p rev a len ce  ra te s  fo r  ex p o su re  to  T. c ru z i an tig e n  is h ig h e r in  dogs 
w ith h ig h  know n c o n tac t w ith th e  v e c to r  and  wild h o st of T. c ru z i . 
and  s u g g e s t  th a t  sim ilar s tu d ie s  of h igh  r is k  hum an popu la tions may 
c la rify  th e  u n c e r ta in  zoonotic s ta tu s  of T. c ru z i in  N orth America.
The su b se q u e n t 2 c h a p te rs  (C h ap ters  3 an d  4) d e sc rib e  th e
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biological c h a ra c te r iz a tio n  in  v i tro  an d  in fe c tiv ity  to  in b re d  mouse 
s t r a in s  of th e  T. c ru z i o rg an ism s iso la ted  from  a n  opossum  (Tc-O) and  
arm adillo  (Tc-A). T h ese  iso la te s  w ere  com pared  w ith  a  T. c ru z i 
iso la te  from  a dog (Tc-D). The r a te s  of try p o m a s tig o te  a d h e re n c e , 
in te r io r iz a tio n , am astig o te  d iv is io n  in  a n d  try p o m a s tig o te  re le a se  
from  v e ro  ce lls  w ere  fo u n d  to  be sim ilar be tw een  T c -0  a n d  Tc-A, b u t 
v a ry  m ark ed ly  from  th o se  of Tc-D. The ep im astig o te  g ro w th  r a te  fo r  
Tc-D w as f a s te r  th a n  T c -0  a n d  Tc-A, w h ich  h ad  sim ilar r a te s .  
F u r th e rm o re , a  com parison  of so lu b le  ep im astig o te  p ro te in s  of each  
iso la te  s e p a ra te d  b y  SDS-PAGE a n d  s ta in e d  w ith  coom assie b lu e  show ed 
th a t  T c -0  an d  Tc-A had  sim ilar p ro te in  b an d  p a t te r n s  w hich  w ere 
d if f e r e n t  from  p a t te r n s  in  th e  Tc-D p re p a ra t io n . Also, th e  zymodeme 
ty p e s  of T c -0  an d  Tc-A, a s  d e sc r ib e d  b y  th e  e le c tro p h o re tic  p a t te r n s  
of 5 enzym es in  ep im astig o te  ly s a te s  from  each  iso la te , w ere  sim ilar 
to  each  o th e r  a n d  Z1 re fe re n c e  s to ck . The zymodem e ty p e  of Tc-D 
v a r ie d  from  T c -0  an d  Tc-A , a n d  a ll re fe re n c e  s to ck  exam ined. T hese  
r e s u l t s  in d ic a ted  th a t  th e  Tc-D iso la te  is  m ark ed ly  d if f e r e n t  from  
th e  T c -0  a n d  Tc-A iso la te s .
None of th e  3 T. c ru z i iso la te s  w ere  fo u n d  to  p ro d u c e  fa ta l 
in fe c tio n s  in  6 in b re d  m ouse s t r a in s .  P a ras item ias  w ere  g e n e ra lly  
s im ilar in  T c -0  an d  Tc-A in fe c te d  mice, b u t  d if fe re n c e s  in  th e  num b er 
of mice th a t  d ev e lo p ed  h ig h  p a ra s ite m ia s  w ere  p re s e n t  be tw een  T c -0  
a n d  Tc-A. P a ras item ias  in  Tc-D in fe c te d  mice w ere  o n ly  d e te c ta b le  by  
blood c u ltu re s . P se u d o c y s t n u m b ers , in flam m atory  c h a n g e s  an d  w eig h t 
c h an g e s  w ere  q u a n tif ie d  in CF1 mice in fe c ted  w ith  th e  3 iso la te s . Tc- 
0 an d  Tc-A in fe c ted  CF1 mice w ere  show n to  be m yotrop ic , p ro d u c e  
com parab le  w e ig h t in c re a s e s , p se u d o c y s t n u m b ers , an d  inflam m atory
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c h a n g e s  in  sim ilar t is s u e s .  Mice in fe c te d  w ith  Tc-D d eveloped  no 
w eig h t c h a n g e s , a n d  su c h  minimal p se u d o c y s t n u m b e rs  a n d  inflam m atory  
c h a n g e s  th a t  t is s u e  tro p ism  could  n o t be  a s s e s s e d . The in  vivo 
in fe c tiv ity  c h a ra c te r is t ic s  of th e s e  iso la te s  s u g g e s ts  th a t  T c -0  an d  
Tc-A a re  sim ilar a n d  d if fe r  m ark ed ly  from  Tc-D.
The fin a l 4 c h a p te r s  d e sc r ib e  th e  c o u rse  o f in fe c tio n , c lin ica l 
p a th o lo g y , p a ra s item ia s , c a rd ia c  fu n c tio n , hum oral a n d  cell immune 
re s p o n se s , a n d  p a th o lo g y  in  d ogs o f d if f e r e n t  a g e s  in fe c te d  w ith  th e  
3 T. c ru z i iso la te s  in  3 ex p erim en ts .
N ineteen  p u re  b re d  b e ag le s  ag ed  4, 5, 13, a n d  47 w eeks w ere
in fe c te d  w ith  th e  3 T. c ru z i  iso la te s . Dogs from  all e x p e rim en ts  w ere  
ab le  to  be g ro u p e d  b a se d  th e  c lin ical outcom e o f in fec tio n . One g ro u p  
of 7 d o g s d ied  o r  w ere  e u th a n iz e d  2 to  3 w eeks p o s t in fec tio n  (pi) 
d u r in g  a c u te  d isea se  a n d  on ly  in c lu d ed  T c -0  o r  Tc-A in fe c te d  dogs 
(g ro u p  1). G roup 2 c o n s is te d  of 5 dogs in fe c te d  w ith  T c -0  o r  Tc-A 
w hich a lso  dev e lo p ed  a c u te  d isea se  b u t  s u rv iv e d  to  d evelop  ch ro n ic  
d isea se  w ith in  9 m onths of in fec tio n . G roup 3 c o n s is te d  of 7 Tc-D 
in fe c te d  dogs w hich n e ith e r  d eveloped  a c u te  n o r c h ro n ic  d isea se  u p  to  
9 m onths a f te r  in fec tio n . A fo u r th  g ro u p  of 2 d o g s a g ed  13 w eeks and  
2 d o g s a g ed  47 w eeks s e rv e d  a s  u n in fe c te d  c o n tro ls  (g ro u p  4).
Dogs in  g ro u p  1 an d  2 d eveloped  clin ical s ig n s  a sso c ia te d  w ith  
a c u te  m y o card itis . A lanine a m in o tra n s fe ra se  (SGPT), a s p a r ta te  
a m in o tra n s fe ra se  (SGOT) an d  serum  u re a  n itro g e n  (SUN) w ere  e lev a ted  
an d  g lu co se  d e p re s s e d  p r io r  to  d e a th  in  d o g s  t h a t  d ied  of a cu te  
d isease . Total an d  isoenzym e CK an d  LD lev e ls  in  in fe c te d  dogs did 
n o t d if fe r  from  co n tro ls . P a ras item ias  p eak ed  ap p ro x im ate ly  17 d ay s  
p i th e n  fe ll to  u n d e te c ta b le  lev e ls  by  th e  th ic k  sm ear m ethod by  day
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30 pi. P a ra s ite s  could  s ti l l  be d e te c te d  b y  blood c u ltu re  in  g ro u p s  2 
a n d  3 a t  v a r io u s  tim es th ro u g h o u t th e  r e s t  of th e  exp erim en ta l 
p e rio d . Dogs in fe c te d  a t  a n  o ld e r  ag e  g e n e ra lly  had  a  h ig h e r  s u rv iv a l 
r a te  an d  low er p a ra s ite m ia s  th a n  d o g s in fe c te d  a t  a  y o u n g e r  age.
Dogs th a t  dev e lo p ed  c h ro n ic  d isea se  (g ro u p  2) rem ained  
asym ptom atic  on th e  a v e ra g e  fo r  77 d a y s . V e n tr ic u la r  b ased  
a rrh y th m ia s  a n d  ex e rc ise  in to le ra n c e  w ere  p r e s e n t  in  a ll d o g s in  
g ro u p  2, an d  2 dogs d ev e lo p ed  s ig n s  of b iv e n tr ic u la r  h e a r t  fa ilu re . 
T hese  f in d in g s  s u p p o r t  th e  r e s u l t s  fo u n d  in  p re v io u s  c h a p te r s  in  th a t  
Tc-D is  m ark ed ly  d if f e r e n t  from  T c -0  a n d  Tc-A, a n d  is  le ss  v iru le n t  
to  dogs th a n  th e  o th e r  iso la te s .
C h ap te r 6 d e sc r ib e d  th e  e le c tro c a rd io g ra p h ic  (ECG) and  
e c h o c a rd io g ra p h ic  f in d in g s  d u r in g  a cu te  a n d  ch ro n ic  d isea se  in  dogs 
in ex p erim en ta l 3 d is c u s se d  in  c h a p te r  5 (T c-0  a n d  Tc-D in fe c te d  dogs 
ag ed  13 an d  47 w eeks o ld , a n d  th e  u n in fe c te d  c o n tro l do g s). Dogs 
in fe c te d  w ith  T c -0  d ev e lo p ed  a c u te  m y o card itis  w ith in  30 d a y s  of 
in fec tio n . T his w as a s so c ia te d  w ith  ECG ab n o rm alitie s  su c h  as  
in c re a se s  in  P-R  in te rv a l, A-V b lock , R w ave am plitude  d e p re s s io n  an d  
s h if ts  in  mean e le c tr ic a l ax is. E chocard io g ram s w ere  norm al d u r in g  
th is  s tag e . S u rv iv o rs  of a c u te  d isea se  e n te re d  an  in d e te rm in a te  s ta g e  
w here  ECGs an d  ech o ca rd io g ram s w ere  norm al. P ro g re s s io n  to  th e  
ch ro n ic  s ta g e  w as in d ic a te d  b y  th e  developm en t of v e n tr ic u la r  b ased  
a rrh y th m ia s , in c lu d in g  v e n tr ic u la r  p re m a tu re  c o n tra c tio n s  (VPCs), 
be tw een  d a y s  60 an d  170 pi. In  some do g s, VPCs w ere  m ultifocal. 
E lec tro c a rd io g ra p h ic  ab n o rm a litie s  p ro g re s s iv e ly  d e g e n e ra te d  to  
v a r io u s  form s of v e n tr ic u la r  ta c h y c a rd ia s . W orsening ECGs co incided  
w ith  loss of le f t  v e n tr ic u la r  fu n c tio n  a s  m easu red  by
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e ch o c a rd io g ra p h y . C ontro l a n d  Tc-D in fe c ted  d o g s d id  n o t develop  
c a rd iac  ab n o rm a litie s  th ro u g h o u t  th e  exp erim en ta l p e rio d . T hese 
f in d in g s  com plem ent th e  c lin ica l co n d itio n  of d o g s  d e sc r ib e d  in  
c h a p te r  5. F u r th e rm o re , d o g s in fe c te d  w ith  T c -0  d isp la y  sim ilar 
card io lo g ica l ab n o rm a litie s  d u r in g  a c u te  a n d  c h ro n ic  d isea se  a s  th o se  
re p o r te d  in  hum an p a tie n ts  w ith  C h ag as’ d isease .
C h ap te r  7 d e sc r ib e d  th e  s e r ia l hum oral a n d  c e llu la r  immune 
r e s p o n s e s  in  th e  same dogs d is c u s s e d  in  c h a p te r  6 (T c-0  an d  Tc-D
in fe c te d  d o g s ag ed  13 a n d  47 w eeks, a n d  u n in fe c te d  c o n tro ls ) . 
A n tibod ies  to  T. c ru z i ep im astig o te  a n tig e n  could  be  d e te c te d  by  
ELISA by  d a y s  26 pi in  b o th  T c -0  a n d  Tc-D in fe c te d  dogs. A ntibody  
lev e ls  rem ained  e lev a te d  w ith  no d iffe re n c e  be tw een  in fe c ted  g ro u p s  
th ro u g h o u t th e  ex p erim en ta l p e rio d . W estern  b lo t a n a ly s is  of T. c ru z i 
ep im astig o te  a n tig e n s  p re p a re d  from  T c -0  an d  Tc-D iso la te s  w ere  
p ro b e d  w ith  pooled s e r a  from  T c -0  an d  Tc-D in fe c te d  d o g s. S e ra  w as 
se le c ted  from  dogs d u r in g  th e  a c u te  (d ay  35 p i), in d e te rm in a te  (day  
135 p i), a n d  c h ro n ic  (d ay  235 p i) s ta g e s  of in fec tio n . G enera lly  m ore 
p ro te in  b a n d s  w ere  re c o g n ize d  in  th e  T c -0  a n tig e n  p re p a ra t io n  by  se ra  
from  b o th  in fe c te d  g ro u p s  of dogs. S e ra  from  T c -0  in fe c ted  dogs 
re c o g n ize d  m ore b a n d s  in  b o th  a n tig e n  p re p a ra t io n s . The num b er of 
b a n d s  re c o g n ize d  in  b o th  a n tig e n  p re p a ra t io n s  by  s e ra  from  b o th  
in fe c ted  g ro u p s  in c re a se d  from  d ay  35 to  d ay  235 pi. Common b an d s  
w ere  re c o g n ize d  in  b o th  a n tig e n  p re p a ra t io n s  b y  s e ra  from  b o th  g ro u p s  
of in fe c te d  dogs. 80 an d  90 kDa p ro te in s  w ere  reco g n ized  in  b o th  
a n tig e n  p re p a ra t io n s  by  s e r a  from  b o th  g ro u p s  of dogs. T hese  p ro te in s  
may c o rre sp o n d  to  ep im astig o te  p ro te in s  re c o g n ize d  by  hum an se ra . 
S e ra  from  b o th  g ro u p s  a lso  re c o g n ize d  sp ec ific  b a n d s  in  only  one of
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th e  a n tig e n  p re p a ra t io n s , an d  s e ra  from  d o g s in fe c te d  w ith  one of th e  
iso la te s  re c o g n ize d  b a n d s  in  b o th  a n tig e n  p re p a ra t io n s . In  on ly  one 
in s ta n c e  d id  s e r a  from  a sp ec ific  in fec tio n  (Tc-D) re c o g n ize  a  b an d  
in  a  sp ec ific  a n tig e n  p re p a ra t io n  (Tc-D).
P e r ip h e ra l  blood m ononuclear cell b la s to g en ic  re s p o n s e s  to  
m itogens in  T. c ru z i in fe c te d  d o g s w ere  n o t s ig n if ic a n tly  d if fe re n t  
from  th o se  o f c o n tro ls  a t  a n y  tim e th ro u g h o u t th e  exp erim en ta l 
p e rio d . R esp o n ses  of PBMCs to  T. c ru z i ep im astig o te  a n tig e n s  becam e 
s ig n if ic a n tly  d if f e r e n t  from  c o n tro ls  on d a y s  70 a n d  175 p i in  bo th  
T c -0  a n d  Tc-D in fe c te d  do g s. A fte r d ay  175 p i re s p o n s e s  d e c re a se d  to  
p re - in fe c tio n  lev e ls  b y  day  240 pi. T hese  s tu d ie s  d e m o n s tra te  th a t  
a lth o u g h  two N orth  Am erican T. c ru z i iso la te s  h av e  m ark ed ly  d if fe re n t  
v iru le n c e  fo r  d o g s, some a s p e c ts  o f th e i r  c e llu la r  a n d  hum oral immune 
re s p o n se s  a re  sim ilar w hile o th e r  re sp o n se s , su ch  a s  re c o g n itio n  of 
sp ec ific  T. c ru z i a n tig e n s , can  v a ry .
C h ap te r  8 d e sc r ib e s  th e  p a th o lo g y  in  th e  same c lin ica l g ro u p s  of 
dogs d is c u s se d  in  c h a p te r  5. Dogs in  g ro u p  1 (T c-0  an d  Tc-A in fe c te d  
dogs n e c ro p s ie d  d u r in g  a c u te  d isease ) h ad  d iffu se  g ran u lo m ato u s 
m y o card itis  a n d  m any p s e u d o c y s ts  th ro u g h o u t th e  h e a r t .  T hese  f in d in g s  
w ere  c o n s is te n t  w ith  th e  c lin ica l f in d in g s  d e sc r ib e d  in  c h a p te r  5, 
a n d  ECG an d  e c h o c a rd io g ra p h ic  f in d in g s  d e sc r ib e d  in  c h a p te r  7. Dogs 
a lso  had  m ultifocal e n c e p h a litis , m yositis , an d  p s e u d o c y s ts  in  all 
p a r t s  o f th e  b ra in  an d  m uscles exam ined, b u t  d id  n o t show  clin ical 
s ig n s  a sso c ia te d  w ith  th e se  le s io n s  (c h a p te r  5).
N ecropsy  f in d in g s  in d o g s in  g ro u p  2 (ch ro n ica lly  a ffe c te d  T c -0  
and  Tc-A in fe c te d  dogs) in c lu d ed  b ila te ra l c a rd ia c  v e n tr ic u la r  
d ila tion  and  th in n in g  of th e  v e n tr ic u la r  f r e e  w alls, a lth o u g h  th e
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r ig h t  v e n tr ic le  w as m ore s e v e re ly  a ffe c te d . Mild m ultifocal 
in te r s t i t ia l  m ononuclear c e llu la r  in f i l t r a te s ,  p e r iv a sc u li t is  a n d  
m arked  f ib ro s is  w ere  seen  th ro u g h o u t  all c a rd ia c  t is s u e s . P se u d o c y s ts  
w ere  n o t see n  in  an y  t is s u e s . T hese  f in d in g s  w ere  c o n s is te n t w ith  th e  
c lin ical s ig n s  (c h a p te r  5) a n d  e c h o c a rd io g ra p h ic  a ss e ssm e n t (c h a p te r  
6) of b iv e n tr ic u la r  fa ilu re  seen  in  some c h ro n ic a lly  a ffe c te d  dogs.
Mild e n c e p h a litis  an d  m yositis  w ere  a lso  see n  in  c h ro n ica lly  a ffe c ted  
dogs b u t  no clin ical s ig n s  a sso c ia te d  w ith  th e s e  le sio n s  w ere  
o b se rv e d  (c h a p te r  5).
T h ree  o f th e  7 dogs in  g ro u p  3 (Tc-D in fe c te d  d ogs) had  mild
b ila te ra l v e n tr ic u la r  d ila tion , minimal inflam m ation a n d  f ib ro s is  in  
c a rd iac  t i s s u e s  a n d  no p s e u d o c y s ts . No c lin ica l s ig n s , ECG an d  
e c h o c a rd io g ra p h ic  ab n o rm a litie s  w ere  o b s e rv e d  th a t  w ould h av e  been  
c o n s is te n t w ith  th e se  le sio n s  (c h a p te r s  5 a n d  6). No lesio n s  w ere  
seen  in  t i s s u e s  from  c o n tro l d ogs (g ro u p  4).
The r e s u l t s  p re s e n te d  in  c h a p te r s  5 th ro u g h  8 show  th a t  T c -0  an d
Tc-A T. c ru z i iso la tes  p ro d u c e  a c u te  an d  ch ro n ic  d isea se  sim ilar to  
th o se  d e sc r ib e d  in  n a tu ra l  c a se s  of can in e  try p a n o so m ia s is  from  N orth  
Am erica, hum an p a tie n ts  from  S o u th  an d  C en tra l A m erica, an d  dogs
ex p erim en ta lly  in fe c te d  w ith  S o u th  A m erican T. c ru z i iso la tes . 
F u r th e rm o re , th e  s im ila rity  b e tw een  clin ical s ig n s , ca rd io lo g y , 
im m unology, an d  p a th o lo g y  in  d o g s in fe c te d  w ith  T. c ru z i iso la te s  
from  an  opossum  and  arm adillo  from  N orth  A m erica w ith  th o se  d e sc rib e d  
in  hum an p a tie n ts  w ith  C h ag as’ d isea se  s u g g e s ts  th a t  th is  sy stem  may 
r e p r e s e n t  a  va lu ab le  anim al model fo r  fu tu r e  s tu d ie s  of Chagas* d isease .
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The aim of th is  c lin ical m a s te rs  w as to  expose  th e  c a n d id a te  to  
c lin ical an d  epidem iological re s e a rc h  te c h n iq u e s  a s  th e y  a p p ly  to  
c lin ica l d a ta  a n d  sp ec ific a lly  to  a  s e r ie s  of c a se s  d e sc r ib in g  a  
p a r t ic u la r  sy n d ro m e, o r  in d iv id u a l c a se  r e p o r ts ,  a n d  how to  
an a ly ze  a n d  r e p o r t  su c h  d a ta  in  th e  l i te r a tu re .  S pec ifica lly , a  
r e tro s p e c t iv e  a n d  on g o in g  epidem iological, c lin ica l a n d  c lin ical 
p a th o lo g ica l s tu d y  of 250 c a se s  of can in e  an d  fe lin e  sn ak e  
enven o m atio n s  w ere  s tu d ie d  a n d  w ere , w ith  2 case  r e p o r ts ,  re p o r te d  
in  th e  l i te ra tu re .
Ph.D. CANDIDATE EXPERIENCE:
Title: S tu d ie s  on  T rypanosom a c ru z i iso la te s  from  L ou isiana
mammals w ith  p a r t ic u la r  re fe re n c e  to  in fe c tiv ity  to  dogs. M ajor; 
V e te r in a ry  m edicine. M inor:Clin. P a tho logy . M ajor Prof:Dr.T.R.Klei 
T his d e g re e  exposed  me to  a  b ro ad  ra n g e  o f d isc ip lin e s  in c lu d in g  
p a ra s ito lo g y , im m unology, c lin ica l p a th o lo g y , ca rd io lo g y , an d  
epidem iology. Local iso la te s  of T. c ru z i  w ere  iso la ted  from  a 
c lin ical case  in  a  dog, an  opossum , a n d  an  arm adillo  an d  
m ain ta ined  in  ce ll c u l tu re ,  adnex ic  c u ltu re  a n d  b y  m ouse p a ssag e . 
In itia l c h a ra c te r iz a tio n  o f th e  3 iso la te s  u s in g  c u r r e n t
p a ra s ito lo g ica l te c h n iq u e s  in c lu d ed  a s s a y s  to  com pare g row th  and  
d evelopm en t r a te s  in  cell c u l tu re s ,  adnexic  c u l tu re s ,  a s  well a s  
p a th o g e n e s is  in  in b re d  m ouse s t r a in s .  The 3 iso la te s  w ere 
zymodeme, an d  schyzodem e ty p e d  u s in g  k in e to p la s t DNA. A 
se ro lo g ica l an d  blood c u ltu re  s u rv e y  to  a s s e s s  th e  p re v a le n c e  in 
L ouisiana of T. c ru z i in  opossum s, a rm ad illos, an d  s e v e ra l g ro u p s
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of d o g s was a lso  c o n d u c te d . The m ajor p o rtio n  o f th e  re s e a rc h  
in v o lv ed  th e  d e sc r ip tio n  o f th e  d isea se  c a u se d  b y  th e  3 iso la te s  
in d o g s, w ith  em phasis  on c lin ical, c a rd ia c  (u s in g  
e le c tro c a rd io g ra p h ic , e ch o c a rd io g ra p h ic  a n d  a n g io c a rd io g ra p h ic  
m on ito rin g ), c lin ical p a th o lo g ica l ( in c lu d in g  CK a n d  LDH isozym e 
e le c tro p h o re s is ) , im m unologic, a n d  p a th o log ic  c h a n g e s . A n tig en  of 
each  iso la te  w as g row n a n d  p re p a re d  fo r  u se  in  lym phocy te  
b la s to g e n e s is  a s s a y s , a n d  fo r  th e  d evelopm en t of a n  ELISA an d  
s in g le  im m unoblot a s s a y s . A n tig en s  w ere  a lso  an a ly zed  u s in g  
W estern  b lo t an a ly s is . The m ajor c o n tr ib u tio n  o f th is  r e s e a rc h  was 
th e  in itia l a s se ssm e n t o f th e  dog a s  a  model fo r  c h ro n ic  hum an 
C hagasic card io m y o p ath y . D uring  th e  PhD p ro g ram , I becam e fam iliar 
w ith  an d  u sed  th e  te c h n iq u e s  of S o u th e rn  b lo tin g , m onoclonal 
a n tib o d y  p ro d u c tio n , a n d  a n a ly s is  of sp ec ific  cell su rfa c e  
a n tig e n s  a n d  cell DNA c o n te n t u s in g  a  f lu o re s c e n t a c tiv a te d  cell 
s o r te r  (FACS). T h ro u g h  my ex p e rien ce  in  co m p u te r an a ly z in g  d ig ita l 
su b tra c tio n  a n g io c a rd io g ra p h ic  d a ta , FACS d a ta  a n d  s ta t is t ic a l  
a n a ly s is  of my re s e a rc h  d a ta , I have  h ad  c o n s id e ra b le  e x p e rien ce  
in  co m p u te r p ro g ram in g  a n d  u sag e .
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In v e s tig a t io n  o f c lin ica l f e a tu re s ,  th e ra p y  a n d  epidem iology of 
T ig er S n ake  b ite s  in  d o g s a n d  c a ts . U n iv e rs ity  o f M elbourne, 
A u stra lia , 1983. S. C. B arr. ($1,150).
In  v i t r o  a n d  in  v ivo  b e h av io r o f a  T .c ru z i- lik e  o rg an ism  from  a 
L ou isiana  dog. E. R. S q u ib b  Co., P r in ce to n , NJ, 1984. S. C. B a rr, 
($2 ,000).
Biological c h a ra c te r iz a tio n  o f a  T. c ru z i lik e -o rg a n ism  from  a 
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1985. S. C. B a rr , T. R. Klei, G. H. T u rn w ald , J . D. H oskins. 
($6,220 -  u n fu n d e d )
S u rv e illan c e  a n d  b io logical c h a ra c te r iz a tio n  o f T .c ru z i- lik e  
o rg an ism s from  L ou isiana  w ildlife  and  dom estic dog. LSU School of 
V e te r in a ry  M edicine o rg a n iz e d  re s e a rc h  fu n d , 1985. T. R. Klei, S.
C. B a rr , V. A .D ennis,($3,200).
C h a ra c te riz a tio n  of T. c ru z i from  opossum s, a rm ad illos a n d  a  dog 
from  L ouisiana. LSU School o f V e te r in a ry  M edicine o rg an ized  
r e s e a rc h  fu n d , c o n tin u a tio n . 1986. T. R. Klei, S. C. B a rr , V. A. 
D ennis, ($3,800).
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